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Chapter  One 

INTRODUCTION 

by  James  N.  Dertouzos 


At  the  peak  of  defense  spending  during  the  mid  1980s,  over  60  percent  of  the  De¬ 
partment  of  Defense's  (DoD's)  annual  outlays  of  nearly  $300  billion  was  spent  on  re¬ 
search,  development,  testing,  and  production  contracts  with  private  sector  firms.  ^ 
By  necessity,  the  award,  administration,  and  completion  of  these  contracts  is  sub¬ 
jected  to  an  extensive,  complex,  and  idiosyncratic  series  of  rules  and  regulations. 
This  process,  which  governs  the  interaction  between  DoD  and  contractors,  appears 
to  be  fertile  ground  for  economic  analysis. 

However,  insufficient  scholarly  attention  has  been  directed  toward  the  analysis  of 
these  heavily  regulated  markets.  Although  significant  portions  of  the  applied  eco¬ 
nomics  literature  address  issues  related  to  public  utilities,  health  care,  and  telecom¬ 
munications,  many  fewer  contributions  to  defense  procurement  have  emerged.  This 
dearth  of  relevant  research  may  not  be  surprising  given  that  procurement  regulation 
is  extremely  complex,  diffuse,  and  decentralized.  In  addition,  products  and  services 
purchased  are  highly  differentiated  and  multidimensional,  making  generalizations 
quite  problematic.  As  a  result,  analysts  are  faced  with  significant  obstacles  to  acquir¬ 
ing  reliable  data  and  integrating  information  on  the  regulatory  process,  institutions, 
and  structure  of  the  defense  industry. 

This  is  unfortunate,  because  recent  advances  in  the  literature,  including  general  the¬ 
ories  of  incentive  contracting  and  more  specific  applications  of  microeconomic 
concepts  to  procurement  issues,  have  potentially  important  implications  for  the 
regulation  of  the  defense  industry.  However,  previous  research  on  the  economics  of 
procurement  has  not,  in  general,  been  used  in  the  design  of  specific  government 
policies.  This  stems  from  a  variety  of  reasons.  To  begin  with,  much  of  this  work  is 
published  in  scholarly  journals  and  remains  virtually  inaccessible  to  most 
practitioners.  These  articles  are  prepared  for  academic  audiences  that  are  more 
interested  in  the  technical  contributions  of  the  research  than  in  policy  relevance. 
Even  if  a  dedicated  practitioner  wished  to  survey  this  literature  to  gain  theoretical 
insights  into  actual  problems,  the  models  rarely  incorporate  real-world  attributes 
that  characterize  defense  procurement.  This  is  not  surprising,  since  scholars  do  not 


^Even  with  subsequent  budget  declines  amounting  to  over  20  percent  in  nominal  terms,  the  magnitude  of 
taxpayer  resources  allocated  via  the  procurement  process  remains  very  large. 
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have  the  opportunity  or  incentives  to  invest  in  learning  the  specifics  about  the 
relevant  institutions  and  regulations. 

The  contributions  compiled  in  this  volume  represent  an  initial  effort  at  narrowing 
the  rather  wide  gap  between  economic  theory  and  procurement  practice.  The 
included  papers  and  summarized  reports  provide  important  insights  as  well  as  a 
methodological  foundation  that  can  be  further  adapted  to  the  peculiar  institutional, 
political,  and  technological  circumstances  characterizing  defense  production. 
Ultimately,  analyses  built  on  this  foundation  should  improve  the  process  by  which 
the  government  purchases  goods  and  services  from  the  private  sector. 

We  will  begin  this  introduction  with  a  brief  overview  of  the  primary  policy  tools 
available  to  the  government  in  affecting  procurement  outcomes.  This  discussion  is 
meant  to  set  the  stage  for  a  summary  of  the  essays  contained  in  this  volume  and  their 
insights  concerning  the  appropriate  design  of  these  policies.  Next,  we  will  identify  a 
subset  of  the  fundamental  elements  of  procurement,  emphasizing  some  key  factors 
that  should  be  considered  if  economic  analysis  is  to  play  a  useful  role  in  the  design  of 
government  policies.  We  will  then  discuss  the  papers  comprised  by  this  volume, 
describe  the  essential  modelling  assumptions  made  in  each,  summarize  the  key 
findings,  and  draw  preliminary  inferences  for  procurement  policy. 

1.  THE  REGULATORY  FRAMEWORK 

Procurement  policy  has  numerous  and,  sometimes,  conflicting  objectives,  including 
the  efficient  production  of  low-cost,  high-quality  weapons  systems  and  the  provision 
of  a  “fair”  rate  of  profit  for  contractors.  Other  goals  might  include  maintaining  a 
strong  industrial  base,  high  levels  of  employment,  and  clear  technological  advan¬ 
tages  vis-a-vis  international  competitors.  Given  these  multiple  goals  of  procurement 
policy  and  the  economic  barriers  to  achieving  them,  what  are  some  of  the  key  policy 
levers  available  to  decisionmakers? 

Promoting  Competition 

Given  that  only  a  handful  of  firms  can  produce  major  defense  systems  and  that  scale 
economies  limit  the  number  of  market  participants,  a  variety  of  government  options 
have  been  developed  to  promote  competition.  It  is  important  to  distinguish  between 
policies  designed  to  inspire  competition  for  the  market  (i.e.,  for  the  initial  contract) 
and  those  meant  to  stimulate  ex  post  competition  such  as  dual  sourcing,  teaming, 
and  other  forms  of  mandated  technology  transfer.  Rigorous,  ongoing  competition 
once  a  program  has  been  established  has  often  been  impractical  because  of  pur¬ 
ported  scale  economies,  sunk  costs  distinguishing  incumbents  from  potential  rivals, 
and  technological  advantages  gained  from  experience  (i.e.,  “learning  by  doing”).  Re¬ 
gardless  of  whether  procompetitive  policies  are  pursued  or  not,  it  is  essential  that 
government  policymakers  remain  aware  of  the  fact  that  the  terms  of  a  contract  as 
well  as  the  source  selection  procedure  for  that  contract  will  affect  anticipatory  behav¬ 
ior  of  firms  (e.g.,  independent  research  and  development,  physical  and  human  capi- 
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tal  investments,  and  the  degree  of  learning-by-doing)  on  current  as  well  as  future 
procurements. 

Profit  Policy 

When  contractors  are  not  selected  through  price  competition,  extensive  direct  con¬ 
trol  over  the  firm  is  exercised.  It  is  less  well  known  that,  even  in  cases  where  a  firm- 
fixed-price  contract  has  been  awarded  via  competitive  bidding,  government  auditors 
will  limit  ex  post  profits  to  a  “fair”  rate  of  return.  It  is  interesting  to  note  that  the  vast 
majority  of  large  contracts  are  ultimately  negotiated  according  to  the  “weighted 
guidelines,”  published  by  the  DoD  as  a  guide  to  procurement  officers.  In  such  in¬ 
stances,  profit  is  calculated  as  a  complex  function  of  various  operating  and  capital 
cost  components.  Allowable  profit  depends  on  a  number  of  factors,  including  con¬ 
tractor  performance  (is  the  project  completed  on  schedule  and  according  to  specifi¬ 
cations?),  input  mix  (until  recently,  working  capital  was  treated  much  more  favorably 
than  facilities  capital,  for  example),  and  perceived  levels  of  technical  and  contract 
risk  (fixed-price  contracts  are  inherently  more  risky). 

A  major  component  of  allowable  expenses  consists  of  overhead  costs,  which  are 
usually  allocated  to  specific  contracts  on  the  basis  of  fairly  simplistic  accounting 
rules  that  give  contractors  significant  discretion  across  product  lines.  It  will  be  im¬ 
portant  to  note  that  what  policymakers  often  interpret  as  the  price  or  economic  cost 
implications  of  alternative  procurement  strategies  may,  in  fact,  merely  represent  an 
“accounting  shuffle”  of  overhead  costs  from  one  contract  to  another. 

Contract  Design 

The  government  employs  a  variety  of  contract  types.  The  general  forms  of  these 
contract  alternatives,  fixed-price,  cost-plus,  and  incentive  contracts,  have  been  ana¬ 
lyzed  extensively  in  the  literature,  at  least  from  a  theoretical  perspective.  In  practice, 
there  are  strong  correlations  between  the  type  of  contract  and  project  attributes, 
such  as  the  nature  of  the  competition,  degree  of  technological  sophistication,  and 
stage  of  development,  that  are  related  to  uncertainty  in  cost  projections.  It  is  also 
noteworthy  that  the  frequency  of  contract  types  that  place  much  of  the  burden  of  risk 
on  contractors  has  increased  significantly  over  the  years. 

In  addition  to  considering  risk,  the  literature  on  optimal  incentive  contracts  and  auc¬ 
tion  design  emphasizes  the  tradeoffs  stemming  from  moral  hazard  and  adverse  se- 
lection.2  Of  course,  it  is  important  to  recognize  that  contract  forms  actually  used  by 


^Moral  hazard  refers  to  a  situation  in  which  contractor  incentives  and  government  objectives  are  not  well 
aligned  and  the  government  cannot  perfectly  observe  the  actions  of  the  contractor.  For  example,  if  the 
firm  makes  more  money  by  being  inefficient  and  the  government  cannot  monitor  effort,  then  cost-plus 
contracts  may  induce  suboptimal  levels  of  effort  to  become  productive.  Adverse  selection  arises  when  the 
government  cannot  perfectly  observe  what  “type"  of  firm  it  is  dealing  with.  For  example,  DoD  does  not 
know  how  much  a  contractor's  product  costs  even  though  the  contractor  does.  Both  terms  originated  in 
the  insurance  context,  where  their  names  have  more  intuitive  appeal.  For  the  rest  of  this  volume,  just  keep 
in  mind  that  “moral  hazard”  refers  to  hidden  action  and  “adverse  selection”  refers  to  hidden  type  (usually 
cost  of  the  firm). 
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DoD  could  well  deviate  from  optimality,  narrowly  defined,  for  valid  reasons.  For  ex¬ 
ample,  decisionmakers  may  wish  to  promote  growth  in  the  defense  industrial  base 
or,  perhaps,  have  strong  incentives  to  minimize  the  burdens  of  administering 
complex  contracts. 

2.  OVERVIEW  OF  DEFENSE  PROCUREMENT 

Defense  procurement  has  several  key  elements  that  should  be  considered  in  eco¬ 
nomic  analyses  undertaken  for  the  purpose  of  influencing  public  policy. 

Multiple  Regulatory  Objectives 

It  is  worth  noting  that  there  are  multiple  goals  of  procurement  that  may  be  inconsis¬ 
tent  with  one  another.  The  most  obvious  goal  is  to  facilitate  the  timely  procurement 
of  high-quality  weapon  systems  at  minimum  cost  to  the  taxpayers.  Of  course,  the 
quality/cost  tradeoffs  may  be  viewed  quite  differently  by  different  participants  in  the 
process  (more  on  this  below).  In  addition  to  the  goals  of  allocative  and  technical  ef¬ 
ficiency,  the  regulations  are  designed  to  provide  a  “fair”  rate  of  return  to  contractors. 
From  the  politicized  perspective  of  government  agents,  regulators  may  be  more  con¬ 
cerned  with  apparent  returns  rather  than  with  long-run  economic  profits.  This  dis¬ 
tinction  may  explain  why  current  regulations  are  applied  on  an  individual  contract 
rather  than  on  a  firm  level.  Next,  policymakers  are  concerned  with  maintaining  a 
healthy  defense  industrial  base.  Especially  during  the  current  drawdown,  uncertain 
future  national  security  requirements  require  sufficient  surge  capacity.  Finally,  be¬ 
cause  appropriations  are  not  fungible  across  budget  categories,  administrative  ex¬ 
penses  and  costs  of  implementing  procurement  strategies  should  be  considered  in¬ 
dependently. 

The  Multiple  Players  in  Defense  Procurement 

The  relative  importance  of  the  competing  objectives  of  procurement  policy  is  quite 
different  across  the  various  political  and  economic  participants.  The  existing  regula¬ 
tory  process  is  diffuse  and  decisions  are  often  made  sequentially  by  independent 
agencies  having  contrasting  objectives.  For  example,  the  service  personnel  making 
design  decisions  may  be  less  concerned  with  life-cycle  costs  related  to  personnel 
training  or  system  maintenance.  The  DoD  might  well  seek  to  maximize  national  se¬ 
curity  goals,  while  the  Congress  likely  has  a  broader  perspective  on  national  priori¬ 
ties,  including  domestic  as  well  as  defense  objectives.  The  important  point  is  that  the 
hypothesized  tradeoffs  between  aggregate  costs  and  benefits  from  society's  point  of 
view  are  seldom  considered  by  those  decisionmakers  influencing  outcomes. 

Government  Contracts  Are  Interrelated 

Individual  contracts  should  not  be  viewed  as  separate  and  independent  entities  for 
modelling  or  policy  purposes.  To  begin  with,  the  development  of  a  complex,  high- 
technology  system  goes  through  several  stages  over  a  period  of  decades.  These 
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stages  are  interdependent  and  government  policies  that  alter  incentives  in  one  stage 
are  likely  to  influence  outcomes  in  earlier  or  subsequent  periods  as  well.  For  exam¬ 
ple,  attractive  rates  of  return  in  the  production  phase  of  a  procurement  are  thought 
to  induce  socially  desirable  rent  seeking  in  the  form  of  research  and  development.  In 
addition,  contractors  are  simultaneously  engaged  in  multiple  projects,  both  govern¬ 
ment  funded  and  commercial,  at  any  given  point  in  time.  These  projects  are  inter¬ 
linked  via  the  production  process  (i.e.,  economies  of  scope)  as  well  as  because  of  ac¬ 
counting  rules  that  dictate  the  allocation  of  joint  costs  between  economic  activities. 
Finally,  historic  outcomes  will  inevitably  influence  expectations  about  future  out¬ 
comes. 

Incomplete  Information  and  Uncertainty 

The  acquisition  process  is  characterized  by  incomplete  information  and  uncertainty. 
The  government  typically  has  incomplete  information  about  the  contractor’s  actions 
or  type,  and  procurement  policies  should  recognize  this.  The  theoretical  economics 
literature  has  made  substantial  progress  in  the  last  decade  in  characterizing  optimal 
contracts  under  incomplete  information  and  one  major  contribution  of  this  volume 
is  to  take  those  insights  and  apply  them  to  the  defense  procurement  context. 

Uncertainty  comes  in  two  varieties.  The  first  kind  of  uncertainty  is  that  encountered 
in  well-understood,  but  random  processes,  such  as  horse  races.  We  do  not  know 
who  will  win  the  race,  but  the  potential  outcomes  and  odds  of  each  horse  can  be  ac¬ 
curately  described.  Similarly,  some  defense  procurement  situations  may  be  charac¬ 
terized  by  this  type  of  uncertainty  or  risk.  Procurement  policies  should  make  some 
attempt  to  mitigate  the  welfare  loss  associated  with  risk  (for  contractors,  government 
agents,  taxpayers,  and  their  representatives).  And,  as  is  well  discussed  in  the  con¬ 
tracting  literature,  this  additional  policy  objective  creates  a  dilemma  for  policymak¬ 
ers  wishing  to  elicit  desirable  behavior  (i.e.,  reduction  of  moral  hazard)  on  the  part  of 
contractors,  award  the  contract  to  the  most  efficient  firm  (i.e.,  limit  adverse  selec¬ 
tion),  and  procure  the  system  at  a  low  (but  fair)  price. 

The  second  variety  of  uncertainty  is  at  a  more  general  level.  Specifically,  high  levels 
of  uncertainty  about  the  very  rules  of  the  procurement  relationship  and  difficulty  in 
even  describing  the  potential  situations  that  might  face  DoD  and  the  contractor  over 
long  periods  of  time  create  problems  in  even  constructing  formal  models  to  study 
procurement.  This  should  not  be  considered  a  defect  of  the  formal  procurement  lit¬ 
erature  to  be  presented.  If  any  economic  situation  is  extremely  uncertain  (as,  at 
times,  defense  procurement  seems  to  be)  then  formal  models  will  not  be  as  helpful  as 
less-structured  descriptions  of  potential  problems  and  solutions.  However,  as  al¬ 
ways,  if  the  economic  situation  can  be  characterized  in  a  reasonably  certain  way, 
then  formal  models  can  illuminate  previously  unrecognized  tradeoffs  and  demon¬ 
strate  the  optimality  of  a  particular  course  of  action. 

In  the  above  discussion,  we  have  briefly  characterized  both  the  major  policy  levers 
(inducing  competition,  promulgating  profit  policy,  and  designing  contracts)  and  the 
defense  procurement  environment  (multiple  regulatory  objectives,  multiple  players, 
interrelated  contracts,  and  incomplete  information  and  uncertainty).  The  articles  in 
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this  volume,  discussed  in  the  next  section,  contribute  to  our  understanding  of  the 
relationship  between  the  defense  procurement  environment  and  the  usefulness  of 
the  various  policy  levers  available  to  the  government. 

3.  OVERVIEW  OF  RECENT  CONTRIBUTIONS  TO  THE  ECONOMICS 
OF  PROCUREMENT 

The  first  contribution  to  this  volume  summarizes  recent  analysis  of  DoD  policies, 
known  as  the  “weighted  guidelines,"  for  negotiating  fees  (and,  therefore,  nominal 
profits)  on  sole-source  contracts  for  the  provision  of  goods  and  services.^  As  Nach- 
bar  notes,  despite  a  policy  emphasis  on  competitive  procurements  following  the 
adoption  of  the  1986  Competition  in  Contracting  Act,  over  60  percent  of  all  contract 
dollars  are  allocated  according  to  these  guidelines.^  This  high  percentage  stems  from 
the  fact  that  even  competitive  contracts  are  often  renegotiated  following  inevitable 
design  changes.  In  addition,  about  half  of  all  competitive  contracts  rely  on  the 
weighted  guidelines  for  setting  targets  or  ceilings  on  allowable  profits. 

The  guidelines  specify  allowable  ranges  of  markups  over  costs  for  a  number  of  fac¬ 
tors,  including  payments  for  the  use  of  working  capital,  land,  buildings,  and  equip¬ 
ment.  Although  determining  the  “right"  level  of  compensation  overall  can  be  con¬ 
troversial  (we  argue  below  that  it  may,  in  fact,  be  irrelevant),  the  basic  structure  of 
these  payments  seems  sound.  One  exception  to  this  conclusion  stems  from  the 
treatment  of  certain  true  economic  costs  that  are  not  recognized  by  the  guidelines 
and  are,  in  practice,  indistinguishable  from  pure  profits.  For  example,  the  guidelines 
make  no  adjustment  for  the  time  value  of  money.  That  is,  nominal  payments  are 
viewed  as  being  identical  regardless  of  whether  they  are  delivered  in  the  first  year  or 
at  the  end  of  a  multiyear  contract. 

Perhaps  more  important,  the  guidelines  provide  separate  payments  for  both  techni¬ 
cal  and  contractual  risk,  but  the  additive  structure  of  these  markups  is  incorrect. 
That  is,  the  technical  risk  of  experiencing  cost  overruns  vanishes  under  a  cost-plus 
contract.  Such  risk  becomes  real  if  and  only  if  the  firm  has  to  pay  for  all  (in  a  fixed- 
price  contract)  or  some  (in  a  cost-sharing  contract)  of  the  cost  overruns.  On  the 
other  hand,  in  the  absence  of  technical  risk  (such  as  in  the  routine  manufacturing  of 
simple  goods  with  stable  technologies  and  input  prices),  the  form  of  the  contract 
does  not  affect  the  overall  level  of  risk,  which  is  low  in  any  case.  Formally,  therefore, 
the  level  of  overall  risk  should  be  expressed  as  the  product  of  technical  and  contract 
risk. 

As  Nachbar  notes,  however,  the  empirical  significance  of  these  “flaws"  is  uncertain. 
To  begin  with,  the  guidelines  provide  DoD  negotiators  considerable  latitude  in 
choosing  markups  within  rather  broad  ranges.  In  theory,  government  personnel  can 
adjust  individual  markups  within  categories  to  promote  virtually  any  objective,  both 


^This  contribution  by  John  Nachbar  summarizes  several  related  papers,  including  unpublished  mimeos 
by  Kent  Osband  and  a  report  by  William  Rogerson  (1992a). 

"^In  1983,  75  percent  of  awards  were  allocated  under  negotiated  contracts  using  the  weighted  guidelines. 
See  Schmidt  (1993). 
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in  terms  of  the  desired  level  of  overall  compensation  or  the  relative  returns  to  alter¬ 
native  categories  of  investment.  Indeed,  there  exists  no  convincing  empirical  evi¬ 
dence  that  the  structure  of  the  guidelines  has  significant  effects  on  procurement  out¬ 
comes.^  Still,  a  careful  restructuring  of  profit  policy  and  explicitly  allowing  for  the 
correct  compensation  for  risk  and  opportunity  cost  could,  at  the  very  least,  reduce 
the  administrative  costs  of  negotiating  a  contract. 

In  addition,  theoretical  work  by  Rogerson  suggests  that  the  treatment  of  overhead 
costs  by  the  weighted  guidelines  may  create  a  variety  of  distortions  that  can  affect 
procurement  outcomes.^  This  is  because  a  large  fraction  of  costs  are  difficult  to  at¬ 
tribute  to  particular  projects  and  are,  instead,  grouped  in  overhead  pools.  Such  indi¬ 
rect  costs  are  generally  allocated  across  products  in  proportion  to  direct  labor  use. 
To  the  extent  that  contractors  have  discretion  in  the  mix  of  inputs  utilized  on  a  par¬ 
ticular  project,  incentives  will  exist  to  alter  that  mix  to  increase  the  allocation  of 
overhead  to  projects  in  which  price  is  more  responsive  to  accounting  costs.  For  ex¬ 
ample,  firms  will  wish  to  allocate  overhead  to  sole- source,  cost-plus  contracts  and 
away  from  commercial  or  competitive  fixed-price  contracts.  As  Rogerson  notes,  if 
this  incentive  is  strong  enough,  a  firm  may  respond  by  engaging  in  pure  waste,  i.e., 
hiring  surplus  labor  on  certain  projects,  thereby  shifting  a  greater  proportion  of  indi¬ 
rect  costs  to  “price  sensitive”  contracts.  In  addition,  a  firm  can  alter  its  labor/capital 
mix  by  varying  production  processes.  For  example,  the  firm  can  automate  produc¬ 
tion  on  commercial  enterprises  and  on  competitive  procurements,  thereby  lowering 
direct  labor  on  these  contracts.  In  contrast,  by  reducing  its  level  of  subcontracting  on 
cost-plus  contracts  and  bringing  more  production  in  house,  the  firm  reduces  the  use 
of  material  and  increasing  labor  in  these  operations.  As  a  result,  the  firm  is  able  to 
allocate  overhead  (as  a  percentage  of  direct  labor)  to  those  contracts  on  which  it  is 
possible  to  recapture  such  costs.^ 

Thus,  the  structure  of  the  weighted  guidelines  can  distort  firms'  choices  away  from 
production  efficiency  by  allowing  cross-program  shifts  in  accounting  costs.  In  par¬ 
ticular,  the  guidelines  could  affect  subcontracting,  automation,  and  the  use  of  labor. 
In  addition,  such  shifts  distort  the  relationship  between  accounting  profitability  on 
specific  contracts  and  the  true  economic  profitability  of  the  firm  overall.  Such  dis¬ 
tortions  may  well  be  serious,  and  profit  policy  revisions  that  serve  to  reduce  the  per¬ 
centage  of  indirect  costs  along  with  the  adoption  of  accounting  conventions  that  re¬ 
duce  flexibility  in  allocating  such  costs  would  be  desirable. 

Regardless  of  the  structure  of  the  markup  policies  used  to  negotiate  the  fee  on  a  par¬ 
ticular  contract,  it  is  clear  that,  when  viewed  in  a  dynamic  or  multiperiod  context, 
this  payment  may  have  little  to  do  with  classic  notions  of  economic  profitability.  For 
example,  Rogerson,  in  the  second  paper  in  this  volume,  argues  that  contract- specific 


^For  example,  there  is  no  evidence  that  rather  dramatic  changes  in  the  size  of  the  allowable  markups  to 
facilities  capital  have  any  effect  on  investment  behavior  of  contractors.  See  Schmidt  (1993). 

®For  details,  see  Rogerson  (1992c). 

^Rogerson  provides  a  rough  estimate  of  the  magnitude  of  this  incentive  effect  by  using  data  on  the 
overhead  pools  of  four  large  aerospace  firms.  He  calculates  that  incurring  an  extra  dollar  of  direct  labor 
cost  on  a  sole-source  procurement  can  generate  up  to  $1.44  in  extra  revenue. 
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profits  are  best  viewed  as  a  reward  or  prize  for  innovative  activity.  Such  R&D  in¬ 
vestments  are  undertaken  in  the  hopes  of  winning  a  profitable  production  contract. 
In  equilibrium,  firms  will  continue  to  spend  their  own  money  up  to  the  point  of  ex¬ 
pecting  a  reasonable  rate  of  return  on  their  R&D  investment.  With  competition  be¬ 
tween  firms  in  the  development  of  innovative  product  ideas  and  new  technologies, 
firms  can  expect  no  more  than  a  fair  return  to  their  efforts  over  the  entire  product  life 
cycle.  In  other  words,  when  one  considers  the  successful  as  well  as  the  unsuccessful 
R&D  efforts,  overall  firm  profits,  at  least  on  average,  cannot  be  excessive  in  the  long 
run,  regardless  of  the  level  of  the  fees  offered  on  a  specific  contract.  As  markups  rise, 
competition  for  the  right  to  earn  such  higher  fees  becomes  more  fierce,  and  firms 
spend  more  money  on  innovative  activity.  Taking  a  broad  perspective,  profit  policy 
will  therefore  affect  levels  of  R&D  expenditures  but  have  no  effects  on  long-term 
profits.^ 

In  an  empirical  analysis  of  stock  price  fluctuations  of  competing  defense  firms  sub¬ 
sequent  to  a  contract  award,  Rogerson  is  able  to  obtain  an  estimate  of  the  real  eco¬ 
nomic  profit  associated  with  a  particular  contract.  He  finds  that  implied  profits 
amount  to  just  under  5  percent  of  total  contract  value.  This  implies  a  modest,  but 
significant  economic  profit.  This  result  is  suggestive  but  falls  short  of  validating  his 
notion  that  contract  profits  are  merely  a  fair  rate  of  return  to  earlier  innovative  activ¬ 
ity.  In  future  investigations,  it  would  be  desirable  to  link  information  on  earlier  R&D 
expenditures  with  systematic  differences  in  the  size  of  the  implied  profit  level  (as  in¬ 
dicated  by  increases  in  the  stock  price  of  the  winning  firm  as  well  as  symmetric  de¬ 
clines  in  the  securities  of  losing  competitors). 

The  contribution  by  Bower  and  Osband  again  demonstrates  the  importance  of  taking 
a  multiperiod  perspective  on  the  defense  procurement  process.  In  particular,  they 
explicitly  recognize  the  interdependence  of  serial  contracts.  For  example,  even  when 
contracts  are  awarded  through  a  competitive  process,  such  contracts  are  often 
renegotiated  during  a  subsequent  phase.  In  addition,  the  initial  winning  firm  often 
builds  such  an  insurmountable  technology  and  cost  advantage  that  competition  for 
the  follow-on  production  work  is  not  feasible.  As  a  result,  follow-on  contracts  are 
often  negotiated  with  a  single  source  using  the  weighted  guidelines. 

Firms  are  surely  aware  that  winning  the  initial  competition  provides  an  inside  track 
to  subsequent  contracts  in  which  profits  are  typically  negotiated  as  a  markup  over 
cost.  As  a  result,  firm  bidding  behavior  during  the  initial  stages  will  inevitably  con¬ 
sider  subsequent  profit  levels.  In  fact,  less-efficient  firms  stand  to  gain  more  profit  in 
the  cost-plus  environment  and,  as  a  result,  are  willing  to  bid  quite  aggressively  dur¬ 
ing  the  competitive  stages. 

The  following  simple  example,  outlined  in  Table  1.1,  illustrates  the  main  insight  from 
this  characterization.  Imagine  that  there  are  two  firms.  The  first,  the  low-cost  firm,  is 


^Of  course,  it  is  possible  that  high  individual  profit  levels  could  induce  too  much  innovative  behavior, 
especially  if  some  of  it  is  redundant  activity  from  a  social  perspective.  In  addition,  some  activities  that 
may  enhance  the  probability  of  winning  a  profitable  contract  may  not  be  in  society's  best  interests.  For 
example,  excess  “gold  plating”  or  intense  lobbying  may  not  improve  acquisition  outcomes  relative  to  the 
costs  of  such  efforts. 
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capable  of  producing  a  good  for  $100  in  each  of  two  periods.  In  contrast,  the  high- 
cost  firm  has  double  the  costs,  $200  in  each  period.  If  the  allowable  markup  is  10 
percent,  the  prospective  profit  in  period  2  will  be  $10  for  the  low-cost  firm  and  $20 
for  the  less-efficient  firm.  This  means  that  the  less-efficient  firm  is  willing  to  bid  $180 
for  the  opportunity  of  making  $20  during  the  negotiated  phase.  This  is  because  $180 
minus  the  cost  of  $200  creates  a  loss  of  $20  in  the  first  stage,  exactly  counterbalancing 
second-period  profits.  As  a  result,  the  more-efficient  firm  need  only  go  as  low  as 
$180  in  bidding  against  its  higher-cost  rival.  For  this  firm,  the  competitive  bid  of  $180 
yields  a  first-period  profit  of  $80.  Note  that  the  firm  earns  a  total  of  $90  for  both  peri¬ 
ods.  This  excess  of  profits  over  actual  costs  is  termed  the  “information  rent,”  stem¬ 
ming  from  the  government's  inability  to  audit  costs  accurately  during  the  first  phase. 
The  size  of  this  rent  is  related  to  the  wedge  between  the  winner's  costs  and  those  of 
the  second-most-efficient  firm.  It  is  important  to  note  that  the  government  pays  a 
total  of  $290,  representing  contractor  profits  plus  actual  costs. 

Now,  allow  for  an  increase  in  the  allowable  markup  for  the  negotiation  stage.  This 
means  that  the  less-efficient  firm  can  earn  $40  in  the  second  stage,  implying  that  it 
would  bid  as  low  as  $160  in  the  first  stage.  It  is  willing  to  lose  more  in  the  first  stage 
to  gain  access  to  the  higher  profits  made  available  during  the  cost-plus  phase.  This 
lower  bid  in  the  first  stage  means  that  the  low-cost  firm,  to  win  the  contract,  has  to 
lower  its  bid  to  $160.  As  a  result,  its  profit  falls  to  $80,  even  though  the  allowable 
markup  has  increased  in  the  second  stage.  Interestingly,  the  government  pays  a  total 
of  $280,  representing  a  reduction  in  the  information  rent  as  well  as  in  the  total  price. 

This  inverse  relationship  between  markups  and  costs  does  not  prevail  for  all  levels  of 
markups.  In  particular,  if  the  profit  advantage  enjoyed  by  the  high-cost  firm  exceeds 
the  cost  advantage  of  the  efficient  firm  in  the  first  stage,  then  the  inefficient  firm  will 
win  the  competition.  If  the  objective  is  to  minimize  government  costs,  then  the 
markup  should  be  increased  just  to  the  point  where  the  advantage  enjoyed  by  the 
low-cost  firm  is  dissipated  and  information  rents  eliminated.^ 

Table  1.1 

Relationship  Between  Procurement  Costs  and  Markup 


Markup  = 

10% 

Markup 

=  20% 

Type  of  Firm 

Period  1  Profits  Bid 
minus  Cost 

Period  2  Profits 
Markup  X  Costs 

Period  1  Profits 

Period  2  Profits 

Low-cost  firm, 

$100  per  period 

Bid  -  $100,  or 

180 -100  =  $80 

.lx$100  =  $10 

Bid -$100,  or 

160 -100  =  $60 

.2x  $100  =  $20 

High -CO  St  firm, 
$200  per  period 

Bid  -  $200,  or 

180 -200  =  -$20 

.lx$200  =  $20 

Bid -$200,  or 

160 -200  =  -$40 

.2  x  $200  =  $40 

^As  Bower  and  Osband  demonstrate,  the  optimal  markup  will  be  related  to  the  ratio  between  total  costs 
incurred  in  the  first  versus  the  second  period.  For  example,  if  first-period  costs  represent  10  percent  of 
total  costs,  then  a  markup  of  over  10  percent  will  reward  inefficient  firms  enough  to  be  able  to  outbid  the 
low-cost  firm,  to  the  detriment  of  the  government  decisionmakers. 
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Bower  and  Osband  generalize  their  analysis  to  include  incentive  effects  on  learning- 
by-doing  created  by  the  type  of  contract  employed.  They  note  that  a  higher  markup 
implies  a  higher  level  of  cost  reimbursement  and  will  dull  incentives  to  reduce  costs 
during  the  life  of  the  contract.  The  optimal  markup  strikes  the  right  balance  between 
inducing  vigorous  bidding  competition  identified  above,  and  preserving  incentives 
for  firms  to  engage  in  (costly)  learning  to  lower  costs. 

This  inverse  relationship  between  the  markup  and  price  (and  profits)  occurs  because 
the  second-period  markup  serves  as  a  bidding  subsidy  that  favors  a  high-cost  firm 
and  makes  the  other  firm  bid  more  aggressively  in  the  first-period.  This  model  illus¬ 
trates  the  important  point  that  the  link  between  contract  markups  and  overall  profit 
to  the  firm  is  tenuous  at  best  when  one  considers  the  multiple  stages  of  procurement. 
It  is  interesting  to  note  that  the  policy  recommendations  following  periodic  reviews 
of  defense  industry  profitability  are  often  misguided  because  this  fundamental  point 
is  not  well  recognized  in  the  design  of  profit  policy. 

Although  price  is  a  primary  concern  of  the  government,  it  is  clear  that  most  pro¬ 
curement  competitions  are  multidimensional.  For  example,  contractors  bid  on  both 
quality  and  price.  In  his  contribution  to  this  volume,  Che  generalizes  the  Bower- 
Osband  model  by  allowing  firms  to  make  choices  regarding  the  level  of  quality  pro¬ 
vided.  As  in  the  previous  work,  Che  uses  a  stylized  model  where  the  contract  is 
initially  awarded  through  competitive  bidding  and  then  is  recontracted  under  the 
cost-based  pricing  that  characterizes  profit  policy.  However,  Che  allows  designs  to 
be  variable  and  actively  competed  in  the  initial  stage.  Under  such  circumstances, 
Che  finds  that  the  beneficial  role  of  cost-based  pricing  in  handicapping  low-cost 
firms  is  weakened,  primarily  because  firms  are  able  to  inflate  quality  to  earn  higher 
profits  in  the  subsequent  cost-plus  environment.  Thus,  such  inflation  has  the  effect 
of  increasing  the  probability  of  winning  the  bid  in  the  first  stage  as  well  as  increasing 
profits  in  the  second  stage.  In  this  model,  raising  the  markup  will  handicap  the  low- 
cost  firm  as  in  the  Bower-Osband  framework  but  will  also  cause  excessive  design 
competition,  thereby  reducing  the  potential  gains  associated  with  the  reduction  in 
information  rents. 

These  results  crucially  depend  on  the  assumption  that  the  government  is  myopic, 
choosing  the  winner  based  on  the  quality  of  the  system  and  the  bid  for  the  first  pe¬ 
riod,  without  considering  the  implications  of  quality  for  cost  levels  (and,  therefore, 
cost-plus  payments)  in  subsequent  periods.  A  related  assumption  is  that  the  gov¬ 
ernment  cannot  commit  to  a  scoring  rule  that  takes  full  account  of  these  future  costs. 
As  Che  notes,  this  assumption  may  have  some  strong  basis  in  reality,  given  that  pro¬ 
gram  managers  typically  have  short  accountability  spans  because  of  job  rotation  and 
turnover.  For  example,  the  tenure  of  program  managers  is  usually  two  to  three  years, 
even  though  procurements  span  15  years. 


^^This  paper  is  related  to  an  article  by  Che  (1993).  This  version  emphasizes  some  of  the  institutional 
details  and  discusses  policy  implications.  Those  interested  in  the  finer  technical  derivations  should  refer 
to  that  article. 

^^This  gold-plating  feature  is  related  to  the  Averch-Johnson  effect  in  the  regulation  literature. 
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Although  the  importance  of  endogenously  determined  quality  in  a  cost-plus  envi¬ 
ronment  has  been  studied  previously, Che  is  the  first  to  examine  this  issue  using 
this  more  realistic  regulatory  setting.  The  main  conclusion  of  this  work  is  that,  in 
theory,  optimal  contract  design  must  come  to  grips  with  the  necessity  of  considering 
both  quality  and  price  in  an  auctioning  environment  and,  in  particular,  government 
decisionmakers  must  be  able  to  commit  to  an  evaluation  methodology  that  considers 
the  long-run  cost  ramifications  of  initial  design  decisions. 

Even  though  the  previous  papers  take  the  level  of  competition  as  given,  a  great  deal 
of  policy  attention  is  directed  toward  enhancing  competition  in  defense  procure¬ 
ment.  In  his  paper,  Lars  Stole  considers  alternative  mechanisms  for  strengthening 
the  role  played  by  rival  firms  when  incumbent  developers  enjoy  significant  cost  ad¬ 
vantages.  As  discussed  above,  the  absence  of  complete  information  about  contractor 
costs  makes  it  difficult  for  the  government  to  achieve  the  minimum  possible  price 
(the  lowest  cost  plus  a  fair  profit).  The  contractor  can  earn  extra  profits,  or  in¬ 
formation  rents,  because  the  government  cannot  possibly  audit  true  economic  costs 
even  after  they  have  been  incurred.  One  policy  for  reducing  such  rents  is  to  use 
competition  between  contractors.  As  we  have  seen,  such  competition  serves  to 
award  the  contract  to  the  most  efficient  producer  but  at  a  price  roughly  commensu¬ 
rate  with  the  second-best  bidder's  break-even  cost  (true  economic  costs  plus  a  fair 
rate  of  return). 

In  practice,  however,  there  is  often  a  significant  wedge  between  the  best  and  the 
next-best  qualified  firm.  At  the  extreme,  only  one  firm,  often  the  original  developer 
of  the  system  design,  may  be  qualified  to  bid.  In  such  an  instance,  the  information 
rents  available  are  quite  high  and  the  government  faces  a  large  disadvantage  in  ne¬ 
gotiating  a  reasonable  price.  Thus,  the  government  is  forced  to  consider  alternative 
mechanisms  for  generating  more  competition. 

Several  such  policy  alternatives  exist.  These  include  dual  sourcing,  mandated  team¬ 
ing,  and  technology  transfers.  Dual  sourcing  guarantees  the  continued  existence  of 
multiple  competitors  (almost  always  two)  by  splitting  production  buys  between  firms 
who  are  bidding  for  higher  shares  of  the  total  volume  of  the  procurement.  Teaming 
involves  a  mandated  partnership  by  multiple  firms  in  the  early  stages  of  develop¬ 
ment.  Partners  are  required  to  split  into  separate  competitive  entities  in  subsequent 
stages  following  development.  The  third  option,  transferring  technology  to  addi¬ 
tional  firms,  is  the  focus  of  the  paper  by  Stole. 

As  Stole  notes,  technology  transfers  raise  several  policy  questions  that  require  atten¬ 
tion.  First,  under  what  conditions  should  a  second  source  be  created?  Second, 
should  the  second  source  be  required  to  use  the  original  design  or,  instead,  can  it  use 
its  own  technology?  Third,  to  what  extent  does  transfer  policy  affect  incentives  in  the 
initial  development  stage?  As  we  have  seen  in  the  case  of  markups  permitted  by  the 


^^See,  for  example,  Rogerson  (1990). 

^^Technology  transfer  can  take  three  forms.  First,  the  developer  may  be  required  to  turn  over  a  technical 
data  package  to  the  government.  Alternatively,  the  original  development  contract  may  obligate  the  firm  to 
transfer  the  necessary  technology  to  a  second  firm.  Finally,  the  terms  of  the  development  may  contain 
predetermined  fees  for  licensing  the  technology  to  another  firm. 
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weighted  guidelines,  the  contractual  terms  and  conditions  of  a  later  stage  of  pro¬ 
curement  can  have  implications  for  a  firm's  decisionmaking  early  on. 

Imagine  that  there  is  a  developer  and  a  single  potential  second  source.  In  Stole's 
model,  each  knows  its  own  cost  of  production  and  can  assess  the  likely  range  and  as¬ 
sociated  probabilities  of  the  rival’s  cost  structure.  The  government  can  hire  the  de¬ 
veloper  or  the  second  source  with  each  employing  its  own  technologies.  Alterna¬ 
tively,  the  government  can  promote  the  transfer  of  the  developer’s  technology  to  the 
second  firm.  In  this  case,  the  costs  will  be  equal  to  the  transfer  costs  (assumed  to  be 
a  fixed  amount)  and  production  costs  falling  between  the  incumbent’s  and  entrant's 
costs  (that  is,  the  transfer  is  not  completely  effective^^).  Clearly,  with  positive 
transfer  costs  and  an  inability  to  reproduce  technology  identically,  total  costs  will 
never  be  minimized  under  this  third  option.  However,  if  the  threat  of  the  transfer  al¬ 
ters  strategic  bids  by  the  firms,  a  policy  that  commits  the  government  to  a  technology 
transfer  under  certain  conditions  might  well  be  optimal  in  reducing  expected  pay¬ 
ments  for  the  procurement. 

The  government's  problem,  therefore,  is  to  construct  a  decision  rule  that  selects  one 
of  three  options  in  response  to  bids  provided  by  both  firms.  A  conventional  cost 
analysis  might  well  conclude  that  the  transfer  option  is  merited  if  and  only  if  the  sec¬ 
ond  source’s  bid  plus  the  cost  of  transfer  are  less  than  the  developer's  bid.  However, 
such  a  rule  may  result  in  inflated  bids  (above  costs)  by  the  incumbent.  Thus,  the  op¬ 
timal  rule  for  choosing  may  not  always  minimize  the  government’s  payments  for 
each  and  every  set  of  bids.  Rather,  the  goal  of  the  rule  is  to  diminish  expected  prices 
across  a  wide  range  of  potential  bids.  One  way  the  rule  accomplishes  this  is  by 
handicapping  the  developer’s  bid.  Although  the  developer  remains  more  efficient, 
the  new  entrant  is  more  of  a  threat  to  win  the  bid,  thereby  forcing  a  strategic  reduc¬ 
tion  in  the  average  bid  offered  by  the  developer.  This  average  price  reduction  justi¬ 
fies  the  occasional  necessity  of  incurring  transfer  costs  and  switching  to  the  less- 
efficient  firm. 

In  general,  the  government  will  wish  to  commit  to  choosing  the  second  source  and 
mandating  a  technology  transfer  if  the  difference  between  the  bids  does  not  exceed 
some  maximum  threshold.  This  strategy  will  be  desirable  even  if  the  developer's  bid 
in  certain  instances  remains  below  that  of  the  second  source  (because  of  transfer 
costs  and  the  inability  to  replicate  the  technology).  Even  though  this  policy  might 
cost  the  government  money  in  a  particular  instance,  if  information  rents  can  be  re¬ 
duced  via  more  aggressive  bidding,  this  policy  could  reduce  costs  to  the  government 
on  average. 

Stole  also  points  out  that  this  licensing  policy  should  be  modified  in  instances  when 
the  developer's  initial  investment  in  technology  is  unobserved.  For  example, 
suppose  one  wishes  to  retain  incentives  to  invest  in  quality.  In  such  circumstances,  it 
remains  desirable  to  handicap  the  developer  in  competition  with  the  second  source. 


is  likely  that  the  developed  technology  was  tailored  to  the  particular  strengths  of  the  incumbent.  In 
addition,  it  is  unlikely  that  the  inexperienced  rival  will  be  unable  to  perform  as  well  as  the  developer,  either 
because  the  transfer  is  not  completely  effective  or  because  they  are  not  as  far  down  the  learning  curve. 
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However,  it  would,  at  least  in  theory,  be  preferable  to  reduce  the  handicap  in  direct 
proportion  to  the  quality  of  the  final  product. 

The  next  two  articles  in  the  volume  directly  address  the  issue  of  optimal  contract 
design  in  the  real-world  context  of  defense  procurement  Abstracting  from  quality 
considerations,  the  government's  problem  is  to  design  a  contract  that  minimizes 
total  government  expenditures  over  the  entire  procurement  life  cycle.  As  discussed 
above,  the  difficulty  facing  the  government  in  designing  such  a  contract  is  that  it 
must  account  first  for  the  fact  that  firms  are  better  informed  about  their  own  costs 
and  second,  that  they  have  discretion  about  how  hard  they  work  at  cost  reduction. 
Regarding  the  first  issue,  firms  can  more  accurately  predict  costs  before  they  are 
incurred  and  measure  actual  costs  after  the  fact  than  can  the  government.  Although 
government  auditors  can  assess  accounting  costs,  they  are  much  less  able  to  evaluate 
true  economic  costs  that,  for  example,  include  opportunity  costs,  and  thereby 
consider  the  level  of  effort,  quality  of  labor,  and  the  degree  of  top  management 
involvement.  In  addition,  in  contrast  to  accounting  measures,  economic  costs  for 
decisionmaking  should  not  include  arbitrarily  allocated  overhead  expenses  that  have 
nothing  to  do  with  increments  to  costs  that  are  actually  paid  by  the  firm.  Regarding 
the  second  issue,  firms  can  pad  costs  by  using  less-efficient  production  techniques  or 
inferior  inputs,  or  simply  not  diligently  lowering  costs  over  time  through  experience. 

Fixed-price  contracts  provide  appropriate  incentives  for  cost  reduction,  since  firms 
will  always  make  higher  profits  by  lowering  costs  and  the  government  will  capture 
some  of  these  expected  cost  reductions  in  the  bidding  process.  However,  because 
the  government  cannot  completely  predict  differences  in  firm  costs,  the  low-cost 
firm  will  earn  a  potentially  large  information  rent  by  bidding  a  price  equal  to  (or 
slightly  lower  than)  a  less-efficient,  higher-cost  bidder.  A  cost-plus  contract  avoids 
this  problem,  but  the  government  ends  up  paying  a  higher  price  than  desired 
because  a  cost-plus  contract  gives  no  incentives  for  cost  reduction — all  cost  savings 
are  passed  on  to  the  government.  DoD  attempts  to  balance  these  problems  by  using 
a  combination  of  the  two  contract  types,  called  cost-plus-incentive  fees  where  the 
firm  bears  a  portion,  usually  between  15  and  30  percent,  of  the  cost  overruns. 

In  the  contribution  by  Reichelstein,  he  first  summarizes  the  literature  on  contracting 
theory  in  a  sole-source,  single-period  environment.  The  theory  provides  a  complete 
solution  to  the  contracting  problem.  The  optimal  contract  varies  in  an  intuitive  way, 
as  a  function  of  the  likely  cost  dispersion  among  the  bidding  firms  and  their  future 
opportunities  to  take  action  to  reduce  costs.  Specifically,  if  the  dispersion  in  costs  is 
expected  to  be  large,  then  usually  cost-plus  contracts  to  minimize  potentially  large 
information  rents  are  favored,  whereas  if  substantial  cost-reduction  opportunities 
are  available,  then  fixed-price  contracts  to  maximize  the  expected  cost  reductions  are 
favored.  An  interesting  twist  of  the  theory  is  that  the  type  of  incentive  contract 


Stole  points  out,  for  an  extremely  high-quality  design,  it  may  actually  be  preferable  to  handicap  the 
second  source  relative  to  the  designer,  depending  on  the  initial  cost  distributions, 

^^Of  course,  this  simple  characterization  ignores  two  important  complications.  First,  firms  could  have 
incentives  to  reduce  quality  dimensions  that  are  difficult  to  monitor.  Second,  if  firms  are  risk  averse  and 
costs  are  unpredictable,  even  by  them,  they  may  be  induced  to  bid  a  very  high  fixed  price. 
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offered  to  the  winning  firm  varies  with  its  bid  (and  thus  its  cost);  the  government 
should  offer  a  “menu''  of  incentive  contracts. 

The  theoretically  derived  optimal  menu  of  contracts  can  be  recast  in  an  intuitive 
format  known  as  “variance-based  schemes,"  which  are  similar  to  those  used  in 
procurement  contracting.  Under  variance-based  schemes,  the  incentive  fee  awarded 
to  a  firm  should  be  determined  by  the  variance  between  its  forecasted  and  actual 
cost.  Such  schemes  induce  the  contractor  to  forecast  expected  procurement  costs 
accurately,  thereby  facilitating  government  planning.  Perhaps  more  important, 
since  these  schemes  are  equivalent  to  the  optimal  contract,  no  other  type  of  scheme 
can  minimize  total  procurement  cost  more  effectively.  By  offering  a  “menu”  of 
contracts,  designed  so  that  each  alternative  will  appeal  to  a  firm  with  a  particular  cost 
structure,  firms  will  reveal  private  information  about  costs,  bid  competitively,  and 
induce  the  best  possible  outcome  from  the  government's  perspective. 

Unfortunately,  although  the  reviewed  literature  does  quite  well  in  characterizing 
“optimal"  contract  design,  there  remains  a  significant  gap  between  theoretically  pre¬ 
scribed  mechanisms  and  what  DoD  is  capable  of  doing  in  practice.  So  Reichelstein, 
in  a  study  initiated  by  the  German  Department  of  Defense,  developed  a  con¬ 
structive  procedure  whose  inputs  are  a  set  of  project-specific  parameters  and  whose 
final  output  is  an  optimal  variance-based  incentive  scheme.  The  result  is  basically  a 
refinement  of  cost-plus-incentive-fee  contracts  in  which  the  choices  differ  by  target 
profit  and  cost  share.  Not  surprisingly,  high  target  profit  contracts  carry  low-cost 
shares,  and  vice  versa.  By  submitting  its  cost  estimate,  the  firm  selects  an  “entree” 
from  the  menu. 

Reichelstein's  contributions  are  twofold.  First,  he  develops  the  theoretical  point  that 
variance-based  incentive  schemes  are  preferred  to  current  DoD  practice,  at  least  in 
theory.  Second,  he  demonstrates  that  they  can  be  implemented  in  a  mechanistic 
manner,  without  a  detailed  understanding  of  the  underlying  incentive  theory.  How¬ 
ever,  even  though  the  theoretical  literature  suggests  that  a  menu  of  contracts  should 
be  optimal,  one  should  not  ignore  the  impracticality  of  constructing  and  im¬ 
plementing  elaborate  contract  forms  that  require  the  design  of  auctions,  menus,  ex 
post  audits,  and  a  higher  level  of  commitment  to  a  particular  type  of  contract  over  a 
long  period  of  time.  Thus,  it  is  essential  to  balance  the  magnitude  of  the  likely 
efficiency  gains  against  the  likely  rise  in  administrative  costs,  even  if  Reichelstein's 
mechanistic  procedure  is  adopted. 

In  the  next  contribution,  Bower  attempts  to  gauge  the  efficiency  loss  from  the 
procurement  designs  actually  employed  by  DoD.  In  practice,  DoD  offers  a  single 
cost-plus-incentive  contract,  not  a  menu  of  contracts  from  which  the  firm  chooses. 


^^The  author  discusses  several  institutional  restrictions  placed  upon  the  procedure  by  the  German 
government,  some  of  which  are  very  similar  to  U.S.  institutional  restrictions.  For  example,  the  author 
discovered,  in  consultations  with  government  officials,  that  cost  ceilings  had  to  be  used  in  their 
procurement  contracts.  While  cost  ceilings  may  be  incorporated  into  the  procedures,  the  optimality 
properties  of  the  incentive  scheme  may  no  longer  hold. 
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Further,  DoD  and  the  contractor  often  renegotiate  a  contract  at  a  future  date.^^ 
Bower  derives  the  optimal  contract  in  a  two-period  model,  but  then  conducts  a  series 
of  simulations  comparing  optimal  contract  performance  to  cases  where  DoD  rene¬ 
gotiates  a  contract  that  had  previously  been  competitively  awarded  (so  that  DoD 
already  has  some  information  about  actual  costs)  and  where  a  single  incentive  con¬ 
tract  is  offered.  He  finds  that  the  currently  restrictive  contract  forms,  if  used  cor¬ 
rectly,  achieve  nearly  optimal  results.  The  gains  to  optimal  contracts  tend  to  be  rela¬ 
tively  meager,  much  less  than  those  obtainable  from  introducing  an  additional 
qualified  bidder  within  the  existing  contracting  framework. 

In  particular,  Bower  demonstrates,  at  least  for  some  specifications  of  the  model,  that 
savings  from  using  a  menu  are  rather  small,  amounting  to  as  little  as  0.2  percent  of 
total  procurement  costs.  However,  the  advantages  of  using  a  correctly  calibrated  in¬ 
centive  contract  (even  if  there  is  only  one  incentive  contract  for  all  types  of  firms) 
rather  than  a  simple  fixed-price  or  cost-plus  contract,  are  quite  large,  often  over  10 
percent.  Therefore,  the  procedure  developed  by  Reichelstein  can  be  quite  useful  in 
suggesting  cost  share  parameters  that  induce  vigorous  bidding,  even  if  a  menu  of 
contracts  is  not  offered.  Finally,  he  also  shows  that  the  losses  from  renegotiation  are 
small. 

The  final  contribution,  by  Rogerson,  models  the  independent  actions  of  the  Congress 
and  the  military.  In  the  process,  he  provides  one  possible  explanation  for  the 
observation  that  defense  plants  appear  to  be  constructed  inefficiently  large  given  the 
ultimate  volume  of  production.  In  Rogerson's  model,  the  military,  wishing  to 
maximize  defense  capability,  makes  the  initial  decision  to  purchase  plant  capacity. 
The  Congress  reacts  to  this  capacity,  ordering  the  number  of  weapons  that  maxi¬ 
mizes  its  own  objective  (specified  as  the  difference  between  military  benefits  and 
costs).  The  argument  made  is  that  the  Services,  by  building  inefficiently  large  plant 
capacity,  alter  the  marginal  cost  of  producing  weapons  and,  as  a  result,  induce 
Congress  to  purchase  a  larger  quantity  than  it  otherwise  would.  This  outcome  is 
made  possible  because  Congress  does  not  have  the  information  needed  to  determine 
optimal  scale  (but,  by  assumption,  the  Services  do)  and  because  it  does  not  have  the 
power  to  commit  in  advance  to  a  fixed  military  budget.^^ 

Of  course,  alternative  models  can  explain  the  existence  of  overly  large  plant  scale. 
For  example,  Congress  may  not  guarantee  that  unspent  funds  will  not  be  recalled. 


optimal  contract  design,  long-term  precommitment  not  to  renegotiate  a  contract  dominates 
renegotiation  ex  ante  because  it  minimizes  the  opportunistic  renegotiation  by  the  contractor.  This  result 
is  standard  in  the  contracting  literature,  but  a  full  explanation  is  beyond  the  scope  of  this  introduction. 

^^One  might  argue  that  military  weapons  require  fixed  combinations  of  inputs,  including  materials,  labor, 
and  equipment.  This  is  not  likely  to  be  strictly  true,  but  it  is  plausible  that  there  are  limited  opportunities 
for  input  substitution.  This  would  diminish  the  likelihood  that  capacity  distortions  could  alter  marginal 
costs  and  thereby  alter  Congressional  decisionmaking.  Still,  the  posited  mechanism  could  still  operate  in 
circumstances  where  future  defense  requirements  are  uncertain,  and  the  Services  wish  to  create 
inefficiently  large  excess  capacity  given  reasonable  expectations  concerning  demand  surges.  In  the  event 
of  a  surge,  the  incremental  costs  of  additional  output  will  be  lower,  thereby  altering  Congressional 
incentives  on  the  margin. 

2^With  additional  Congressional  oversight  concerning  ex  ante  costs  and  an  increased  willingness  to 
negotiate  all-or-nothing  contracts,  this  distortion  would  be  eliminated. 
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thereby  inducing  the  Services  (and  contractors)  to  prefer  spending  money  early  in  a 
procurement  (i.e.,  on  capacity).  Or  perhaps  excess  capacity  is  a  rational  choice  made 
by  contractors  to  reduce  their  marginal  costs  during  future,  more  competitive  pro¬ 
curements.  Alternatively,  perhaps  the  large  scale  is  a  decision  on  the  part  of  both 
Congress  and  the  military  to  invest  in  the  defense  industrial  base  in  preparation  for 
uncertain  surge  requirements.  Unfortunately,  these  alternative  explanations  cannot 
be  distinguished  empirically  from  Rogerson's  formulation.^^ 

Regardless,  this  paper  makes  two  interesting  contributions  to  the  literature  on  de¬ 
fense  procurement.  First,  it  represents  a  refreshing  departure  from  traditional  analy¬ 
ses  of  the  government- contractor  relationship.  It  demonstrates  that  by  explicitly 
considering  the  multiple  and  often  conflicting  objectives  of  different  government 
agencies  (in  this  case  Congress  and  the  military),  economic  models  can  explain  many 
of  the  stylized  facts  of  defense  procurement  that  may  appear  puzzling  in  the  context 
of  a  single  procurement  agent.  In  addition,  this  paper  draws  attention  to  potentially 
important  efficiency  losses  associated  with  cost-based  pricing.  That  is,  if  prices  are 
based  on  audited  costs,  a  monopolist  will  have  an  incentive  to  distort  input  choices 
to  reduce  marginal  costs  in  favor  of  higher  fixed  or  sunk  costs,  much  in  the  same  way 
that  a  private  sector  monopolist  will  incur  transactions  costs  to  implement  a  two- 
part  pricing  scheme.  Indeed,  there  are  alternative  mechanisms  for  achieving  the 
same  outcome  that  are  also  worthy  of  further  study.  For  example,  the  Services  can 
use  indemnification  clauses,  requiring  lump-sum  payments  to  contractors  if  the 
Congress  cancels  a  program.  Also,  the  military  can  invest  heavily  in  production  pro¬ 
cesses  that  require  substantial  up-front  costs  while  reducing  marginal  costs.  Such 
investments  may  not  be  cost  effective  from  the  Congressional  perspective.  Finally, 
the  military  may  overinvest  in  product  quality,  incurring  high  fixed  costs  but  altering 
the  subsequent  decisionmaking  calculus  by  increasing  the  marginal  value  of  addi¬ 
tional  quantities. 

4.  POLICY  IMPLICATIONS 

The  analytic  efforts  presented  and  cited  in  this  volume  attempt  to  narrow  the  wedge 
between  economic  theory  and  the  real-world  markets,  institutions,  and  regulatory 
environments  prevailing  in  defense  procurement.  The  reported  models  explicitly 
consider  various  aspects  of  this  complex  process,  including  the  structure  of  profit 
policy,  the  multiple  stages  of  defense  contracting,  interrelationships  between  con¬ 
temporaneous  contracts,  the  absence  of  adequate  information  for  decisionmaking, 
and  independent  roles  played  by  market  participants  with  inconsistent  objectives. 
As  a  result,  these  models  provide  fresh  insights  that  should  be  considered  in  the  de¬ 
sign  of  policies  meant  to  facilitate  competition,  select  the  right  contractor,  and  pro¬ 
vide  appropriate  incentives  to  produce  high-quality  weapons  at  the  lowest  cost. 
Some  of  the  more  interesting  policy  implications  include: 


fact,  one  might  argue  that  these  assumptions  are  more  plausible  than  Rogerson's,  which  relies  on  an 
extremely  myopic  Congress.  In  reality,  plant  capacities  are  often  built  at  Congressionally  approved  levels, 
and  production  is  then  reduced  in  subsequent  budget  crunches. 
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The  structure  of  the  weighted  guidelines  inadequately  compensates  firms  for 
unrecognized  opportunity  costs  and  for  categories  of  risk. 

Rules  regarding  the  allocation  of  overhead  distort  production  decisions.  For 
example,  on  cost-plus  contracts,  firms  are  likely  to  use  excess  labor  and  overly 
rely  on  subcontractors.  On  fixed-price  and  commercial  contracts,  firms  will 
overinvest  in  automation.  Where  possible,  costs  should  be  allocated  directly 
rather  than  via  overhead  pools. 

In  the  long  run,  profits  available  on  particular  contracts  will  be  dissipated  by 
competition  to  win  the  contracts.  For  example,  profit  policy  is  more  likely  to  af¬ 
fect  R&D  and  innovation  than  contractor  profits  overall. 

Since  contracts  are  serially  related,  the  weighted  guidelines  could  have  coun¬ 
terintuitive  effects  on  firm  profitability.  For  example,  over  a  wide  range,  higher 
markups  after  contract  renegotiation  or  on  follow-on  procurements  can  stimu¬ 
late  more  aggressive  bidding  by  firms  during  the  initial  competitive  stages  that 
more  than  compensates  for  the  higher  payments  later. 

If  program  personnel  are  myopic  (because  of  short  tours  of  service,  for  example), 
contractors  will  overinvest  in  quality,  taking  advantage  of  the  cost-plus  nature  of 
pricing  in  later  stages  of  procurement.  This  suggests  that  evaluation  criteria  for 
awarding  contracts  should  handicap  high-quality  providers,  at  least  to  some 
degree. 

Technology  transfers,  even  when  seemingly  inefficient  from  a  single  contract 
perspective  (i.e.,  the  transfer  is  expensive  and  the  technology  is  imperfectly 
adopted  by  the  second  source),  may  be  a  desirable  policy  option.  This  is  because 
the  threat  of  dual  sourcing  will  induce  more  aggressive  competition  and,  overall, 
will  create  cost  savings  for  the  government.  The  decision  to  transfer  technology 
should  depend  on  the  firms'  bids  and  the  government's  prior  knowledge  of 
contractor  costs. 

Optimal  contracts  can  be  approximated  by  simple  algorithms  that  flexibly 
choose  cost  share  parameters  as  a  function  of  contractor  characteristics.  If  such 
parameters  are  chosen  correctly,  the  savings  to  the  government  can  be  consider¬ 
able.  However,  the  efficiency  gains  associated  with  the  more  complex  auctions, 
menus,  and  full-commitment  contracts  suggested  by  economic  theory  are  un¬ 
likely  to  produce  significant  improvements  to  warrant  the  increased  difficulty  of 
implementation. 

Because  of  the  contrasting  incentives  of  different  government  agents  in  the 
procurement  process  (such  as  Congress  versus  the  Services)  along  with  the  cost- 
based  nature  of  pricing,  certain  avoidable  inefficiencies  will  emerge.  For  ex¬ 
ample,  the  military  will  have  incentives  to  reduce  variable  costs  at  the  expense  of 
the  fixed  or  sunk  costs  that  do  not  influence  future  decisionmaking  by  the 
Congress. 


Chapter  Two 

PROFIT  IN  NEGOTIATED  DEFENSE  CONTRACTS:  A  SURVEY  OF 

SOME  RECENT  LITERATURE 

_ by  John  H.  Nachbar 


1.  INTRODUCTION 

The  U.S.  Department  of  Defense  (DoD)  negotiates  procurement  contracts  primarily 
within  a  framework  known  as  profit  policy.  Briefly,  profit  policy  consists  of  a  list  of 
possible  contract  forms  and  a  complex  set  of  guidelines  governing  the  level  of 
“profit”  contracting  firms  may  be  allowed  to  receive.  The  standard  example  of  a  ne¬ 
gotiated  contract  is  for  the  production  of  a  highly  sophisticated  weapon.  In  such 
cases,  the  original  developer  is  arguably  the  only  qualified  producer  and  so  there  is 
no  scope  for  awarding  the  contract  by  price  competition  (e.g.,  via  an  auction).  How¬ 
ever,  the  influence  of  profit  policy  is  more  pervasive  than  this  example  suggests. 
Even  competitively  awarded  contracts  may  employ  profit  policy  if  the  contract  is 
renegotiated  at  midterm,  say  because  of  a  design  change.  Moreover,  in  “negotiated 
competitive”  auctions,  which  have  seen  increasing  use,  profit  policy  is  employed  to 
set  boundaries  for  auctioned  contracts. 

The  total  fraction  of  DoD  contracts  awarded  under  profit  policy  is  believed  to  be  very 
large,  but  definitive  numbers  are  elusive  because  of  data  and  definitional  problems. 
For  some  idea  of  the  magnitudes  involved,  in  fiscal  1983,  negotiated  awards  totaled 
$106  billion,  about  three-quarters  of  total  DoD  awards.  About  one-quarter  of  the 
$106  billion  were  “negotiated  competitive”  contracts.  Schmidt  (1993)  estimates  that 
by  1988,  the  total  fraction  of  negotiated  awards  had  declined,  but  still  accounted  for 
roughly  60  percent  of  total  awards.  Of  these,  roughly  half  were  “negotiated  competi¬ 
tive.”  The  increased  use  of  negotiated  competitive  contracts,  from  19  percent  of  the 
total  in  1983  to  30  percent  in  1980,  may  reflect  implementation  of  the  1986  Competi¬ 
tion  in  Contracting  Act,  aimed  at  discouraging  sole-source,  noncompetitive  awards. 

This  paper  provides  an  overview  of  some  recent  economic  research  on  the  structure 
of  profit  policy.^  The  work  surveyed,  Osband  (1989a,  1990a)  and  Rogerson  (1992a), 
asks  whether  profit  policy  is  well  formulated  to  exploit  profit  as  a  policy  instrument, 
on  which  see  Section  2.  Their  answer  is  “not  completely.”  Much  of  the  contract 


^The  research  focuses  on  production  contracts  but  much  of  the  analysis  carries  over  to  contracts  for  R&D 
or  services. 
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profit  under  profit  policy  is  repayment  for  current  expenditures  not  reimbursed  more 
directly,  for  example,  interest  charges  on  working  capital.  What  will  be  called  '"true" 
profit,  payment  in  excess  of  what  is  needed  to  induce  a  firm  to  accept  a  production 
contract,  is  disguised  as  a  residual.  Moreover,  some  of  the  formulas  used  by  profit 
policy  to  compute  cost  reimbursement  may  be  flawed.  The  practical  importance  of 
this  conclusion  is  unclear.  DoD  negotiators  have  substantial  latitude  and  can,  in 
principle,  compensate  for  deficiencies  in  formal  profit  policy  guidelines.  However, 
the  finding  that  profit  policy  guidelines  are  neither  operationally  transparent  nor,  in 
many  respects,  sensibly  structured  may  be  reason  enough  to  justify  revision. 

The  remainder  of  the  survey  is  organized  as  follows.  Section  2  discusses  the  eco¬ 
nomic  role  of  profit  policy  and  offers  some  perspective  on  the  relationship  of  the  re¬ 
search  surveyed  here  to  other  profit  policy  research.  Section  3  provides  a  brief 
overview  of  profit  policy  structure.  The  presentation  is  essentially  an  abbreviated 
version  of  the  survey  provided  in  Rogerson  (1992a).  Additional  detail  can  be  found 
in  Osband  (1989a  and  1990a).  Section  4,  the  heart  of  this  survey,  computes 
'^minimum  profit”  in  a  simple  case.  The  structure  of  the  analysis  is  based  on 
Rogerson  (1992a)  but  many  details  are  drawn  from  Osband  (1990a).  Section  5 
compares  the  solution  found  in  Section  4  with  actual  profit  policy  as  sketched  in 
Section  3.  Finally,  Section  6  contains  some  remarks  on  where  further  research  may 
be  most  beneficial. 

2.  PROFIT  AND  PROFIT  POLICY 

True  profit  influences  long-run  patterns  of  industry  structure  by  semng  as  a  ‘"prize,” 
inducing  firms  to  enter  the  defense  industry  and  invest  in  facilities  capital,  in  inde¬ 
pendent  research  and  development,  and  in  bids  and  proposals.  This  is  emphasized 
in  Rogerson  (1992a);  see  also  Lichtenberg  (1988a),  and  Tan  (1989).  In  long-run 
equilibrium,  total  expected  profits  will  be  exhausted,  or  nearly  exhausted,  by  the 
expenditures  necessary  to  win  a  contract.  Thus,  profit  ultimately  influences  not  the 
size  of  defense  industry  profits,  which  ought  to  be  zero  after  correcting  for  the  cost  of 
capital,  but  rather  the  size  and  structure  of  the  “defense  industrial  base.” 

One  may  question  how  effective  profit  can  be  as  a  policy  tool.  There  are,  first,  sub¬ 
tleties  in  how  profit  policy  is  perceived  by  firms.  Firms  contemplating  an  investment 
may  fear  that  future  DoD  policy  could  favor  competitive  contracts  over  negotiated 
contracts,  e.g.,  the  1986  Competition  in  Contracting  Act.  For  theoretical  perspective 
on  this  problem,  see  Laffont  and  Tirole  (1988a)  and  Riordan  and  Sappington  (1989). 
Firms  may  also  fear  that  the  levels  of  profit  offered  by  production  contracts  at  the 
time  they  make  their  investment  will  not  persist,  that  profit  policy  may  become  less 
generous;  see,  for  example,  Tirole  (1986).  Moreover,  even  if  DoD  could  commit  to  a 
stable  profit  policy,  the  link  between  contract  profit  and  overall  profit  to  the  firm 
might  not  be  straightforward.  For  an  example  due  to  Bower  and  Osband  (Chapter 
Four),  consider  the  fairly  common  circumstance  in  which  profit  policy  is  used  in  the 
renegotiation  of  contracts  that  were  originally  competitively  awarded.  Because  con¬ 
tract  profit  under  profit  policy  is  based  on  markup  over  cost,  firms  whose  costs  are 
intrinsically  higher  get  higher  profits,  in  absolute  terms.  As  a  consequence,  in  the 


Profit  in  Negotiated  Defense  Contracts:  A  Survey  of  Some  Recent  Literature  21 


initial  competitive  bidding  phase,  high-cost  firms  bid  relatively  aggressively.  The 
lowest-cost  firm  still  wins  the  auction,  but  its  overall  profits,  combining  the  first  and 
second  phases  of  production,  are  squeezed.  The  model  suggests  that  in  some  cir¬ 
cumstances  the  operation  of  contract  profit  may  be  the  opposite  of  what  is  expected: 
The  more  "'generous”  is  profit  policy  in  awarding  profit  markups,  the  less  profit  is 
actually  transferred  to  firms  and  therefore  the  less  investment  is  induced. 

Profit  is  also  hampered  as  a  policy  tool  by  its  lack  of  precision:  Overall  profit  rewards 
not  only  “legitimate”  precontract  expenditures  but  also  outlays  that  may  be  un¬ 
wanted.  Lobbying  is  a  frequently  cited  example  of  socially  wasteful  investment.  As 
another  example,  Osband  (1990b)  argues  that,  again  because  profit  policy  computes 
profit  as  a  markup  over  cost,  firms  may  be  induced  to  develop  equipment  that  is 
more  sophisticated,  hence  costly,  than  is  socially  desirable.^ 

These  problems  noted,  it  may  be  argued  that  more  direct  methods  of  reimbursement 
need  be  no  more  efficient.  To  provide  incentive  for  hard  work,  reward  for  research 
programs  should  depend  at  least  in  part  on  the  success  of  the  research.  However, 
DoD  may  lack  expertise  in  evaluating  research,  especially  in  its  early  phases,  and  re¬ 
search  teams  may  also  fear  that  DoD,  to  avoid  paying  a  bonus  for  good  work,  has  an 
incentive  to  play  down  the  importance  of  research  breakthroughs.  Profit  policy  fi¬ 
nesses  these  problems  to  a  degree  by,  in  effect,  making  production  the  criterion  for 
research  success.  Firms  are  left  to  their  own  judgment  as  to  what  research  to  pursue, 
and  their  decisions  are  disciplined  by  the  knowledge  that  their  own  funds  are  at 
stake. 

Quite  apart  from  the  question  of  the  “optimum”  level  of  contract  profit,  there  are  im¬ 
portant  issues  concerning  the  structure  of  the  contracts  themselves.  These  matters 
lie  outside  the  scope  of  the  research  upon  which  this  survey  focuses,  but  for  com¬ 
pleteness  some  of  the  work  in  this  area  will  be  described  briefly. 

A  fundamental  difficulty  confronting  the  designer  of  a  DoD  production  contract  is 
that  a  firm  will  typically  be  better  informed  than  the  government  both  about  its  own 
cost  structure  and  about  the  efforts  it  has  taken  to  make  production  efficient.  This 
raises  the  possibility  that,  on  the  one  hand,  the  government  might  unknowingly  re¬ 
imburse  a  firm  for  costs  not  actually  incurred,  and  on  the  other,  that  the  firm  may 
have  insufficient  incentive  to  keep  costs  under  control.  Taken  individually,  these 
problems  admit  straightforward  solutions.  The  first  can  be  addressed  by  reimburs¬ 
ing  only  audited  actual  cost.  The  second  can  be  handled  by  reimbursing  only  ex¬ 
pected  cost,  so  that  the  firm  bears  the  full  burden  of  cost  overruns  (and  the  full  bene¬ 
fit  of  cost  underruns). 

One  may  note,  however,  that  these  two  solutions  conflict.  It  is,  in  fact,  impossible  to 
solve  both  problems  simultaneously.  The  message  of  the  literature  on  optimal  con¬ 
tracts  has  been  that,  rather  than  attempt  a  complete  correction  of  just  one  problem, 
it  is  better  for  the  government  to  make  partial  progress  against  both.  The  scheme 


^See  also  Che  (1993).  The  argument  is  delicate  because  the  government  has  considerable  discretion  in 
awarding  contracts  and  in  assigning  markups. 
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that  implements  this  approach  has  the  government  offer  potential  producers  a 
'‘menu’'  of  different  contracts  from  which  they  can  choose.  The  contracts  are  incen¬ 
tive  contracts:  Firms  bear  at  least  part  of  any  cost  overrun,  and  conversely,  they 
benefit  from  at  least  part  of  any  cost  underrun.  The  menus  are  constructed  in  such  a 
way  that  a  firm  reveals  its  cost  structure  by  its  menu  choice.  When  there  are  several 
qualified  producers,  use  of  menus  enables  the  government  to  identify  and  select  the 
producer  with  lowest  cost.  However,  to  get  firms  to  reveal  their  costs  truthfully,  the 
government  must  pay  an  “information  rent”  to  the  producing  firm.  Moreover,  this 
construction  necessitates  that  the  government  settle  for  a  second-best  level  of  cost- 
control  effort.  For  more  on  this  line  of  work,  see  Laffont  and  Tirole  (1986,  1987), 
Baron  and  Besanko  (1987b),  and  Reichelstein  (Chapter  Seven),  and  see  also  the 
review  of  the  regulation  literature  in  Caillaud  et  al.  (1988). 

The  contracts  actually  employed  under  profit  policy  closely  resemble  full  menu  con¬ 
tracts.  Menuing  may  not  be  as  elaborate  as  the  theory  specifies  but  it  is  conceivable 
that  DoD  contract  forms  are  optimal,  once  the  cost  of  constructing  elaborate  menus 
is  taken  into  account.  Some  progress  toward  gauging  the  efficiency  loss  from  actual 
DoD  contracting  is  made  in  Bower  (Chapter  Eight).  Numerical  calculations,  though 
merely  illustrative,  suggest  that  efficiency  losses  from  simple  profit-policy-type  con¬ 
tracts  relative  to  full  menu-type  contracts  may  be  small,  provided  the  profit  policy 
contracts  are  otherwise  correctly  designed. 

3.  AN  OVERVIEW  OF  PROFIT  POLICY  STRUCTURE 

It  is  useful  to  think  of  profit  policy  as  being  composed  of  two  somewhat  independent 
components:  contract  forms  and  the  weighted  guidelines. 

Contract  Forms 

Let  Cdenote  total  recognized  project  costs.  Recognized  costs  include  direct  material 
and  labor  costs  and  many  categories  of  overhead  costs.  Not  included  are  expendi¬ 
tures  on  independent  research  and  development,  bid  and  proposal  expenses,  the 
rent  on  facilities  (land,  buildings,  and  equipment;  if  the  firm  is  the  owner  of  the  fa¬ 
cilities,  the  rent  is  imputed),  general  and  administrative  expenses  (G&i\;  essentially 
central  management  overhead),  and  interest  charges  on  working  capital.^  All  of 
these  expenditures  are  compensated  through  contract  profit,  if  they  are  compen¬ 
sated  at  all. 

Under  the  canonical  contract  form,  the  government  pays  the  firm,  upon  project 
completion,  p: 


a-a)C-hTc*-Y(C- C^) 


(3.1) 


^Working  capital  is  net  short-term  liabilities.  Such  liabilities  might  be  incurred  for  the  purchase  of  raw 
materials  or  the  payment  of  wages,  if  the  government  does  not  provide  immediate  reimbursement.  Until 
reimbursement  is  paid,  the  working  capital  incurs  interest  charges. 
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where  a  is  the  progress  payment  rate,  tc*  is  contract  profit,  y  is  a  cost~sharing  pa¬ 
rameter,  and  is  the  cost  expected  at  the  time  the  contract  is  signed.  Progress 
payments  are  reimbursements  paid  at,  or  shortly  after,  the  time  costs  are  incurred. 
At  date  t,  if  cost  Q  is  incurred,  then  the  government  pays  immediately  an  amount 
aQ.  Thus,  by  the  end  of  the  contract,  ^ocQ  =  oc^  Q  =  aC  have  already  been  reim¬ 
bursed  via  progress  payments,  leaving  an  additional  (1  -  a)C  to  be  paid  at  contract 
completion.  Progress  payments  are  modeled  here  as  applying  only  to  cost,  which  ac¬ 
cords  with  what  are  called  fixed-price  contracts.  By  comparison,  under  cost-plus 
contracts,  a  is  set  equal  to  1  and  applies  to  profit  as  well  as  cost.  Regarding  cost 
sharing,  if  the  firm  incurs  a  cost  overrun  C  >  then  the  firm  is  “taxed”  y(C-  C^). 
Note  that  this  tax  could  be  negative  (a  subsidy)  if  the  firm  instead  achieves  a  cost  un¬ 
derrun.  This  gives  the  firm  incentive  to  keep  actual  costs  C  low.  Ignoring  questions 
of  payment  timing  and  working  capital  costs,  if  y  ^  0  then  the  government  reimburses 
actual  costs  C  in  full  (full  cost  sharing);  if  y  =  1,  the  government  pays  only  (zero 
cost  sharing).  Contract  types  are  surveyed  in  somewhat  greater  detail  in  Appendix  A. 
The  discussion  in  Section  4  will  focus  primarily  on  fixed-price-type  contracts,  al¬ 
though  it  can  easily  be  extended  to  cost-plus  contracts. 

Contract  profit,  is  determined  by  the  weighted  guidelines,  described  below.  It  will 
be  assumed  throughout  that  is  “correct”:  Before  signing  a  contract,  the  govern¬ 
ment  and  the  firm  are  equally  well  informed  and  agree  on  the  distribution  of  possible 
outcomes.  In  fact,  it  is  likely  that  the  firm  and  the  government  are  not  equally  well 
informed,  but  this  complication  is  not  considered  in  the  work  surveyed  here. 

The  Weighted  Guidelines 

The  weighted  guidelines  specify  n*  as  a  function  of  a  number  of  variables.  These  are 
summarized  in  Table  2.1,  which  is  taken  with  only  slight  modification  from  Table  2.4 
in  Rogerson  (1992a).  The  entries  will  be  discussed  briefly  in  turn. 

Working  Capital.  As  discussed  in  Appendix  A,  cost-plus  contracts  receive  100  per¬ 
cent  progress  payments  and  therefore  involve  essentially  no  working  capital.  It  is 
therefore  appropriate  that  such  contracts  receive  no  markup  for  working  capital.  A 
fixed-price  contract  of  length  n  receives  a  markup  equal  to  the  product  of  TL(n), 
where  x  is  the  "treasury  rate”  and  L  is  a  time  factor  (see  below),  and  (1  -  a)  Cf,  which 
is  the  fraction  of  expected  cost  that  is  not  reimbursed  immediately  through  progress 
payments.^  The  treasury  rate,  sometimes  also  referred  to  as  the  CAS  414  rate,  is  an 
estimate  by  the  U.S.  Treasury  of  the  current  rate  on  five-year  commercial  loans.  It 
has  been  examined  by  Rogerson  and  found  to  be  closely  approximated  by  the  rate  on 
medium-term  (five-year)  U.S.  government  bonds  plus  one  percentage  point. 


"^Fixed-price  contracts  that  pay  no  progress  payments  employ  a  different  compensation  scheme  for 
working  capital.  This  alternative  scheme  is  seriously  flawed.  For  example,  the  effective  interest  rate  is 
fixed  at  2  percent.  Perhaps  partly  as  a  consequence,  progress  payments  are  paid  on  all  major  contracts. 
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Table  2.1 

The  Weighted  Guidelines 


Component  of  Profit 

Normal 
Value,  % 

Allowable 
_ Range,  % 

Base  to  Which 
Percentage  Is 
Applied 

Working  capital 

Cost-type  contracts 

— 

— 

— - 

Fixed-price  contracts  with 

no  progress  payments 
Fixed-price  contracts  with 

2.0 

2.0 

progress  payments 

Treasury  rate 

Treasury  rate 

i(n)a-a)C® 

Facilities  capital 

All  contracts  receive 

Treasury  rate 

Treasury  rate 

nK 

Standard  extra  profit 

Land 

0 

0 

nKi 

Buildings 

15 

10  to  20 

uKb 

Capital 

35 

20  to  50 

nKs 

Alternate  extra  profit 

2 

2 

Performance  risk 

Technical  risk 

1.2 

0.6  to  1.8 

Management 

1.2 

0.6  to  1.8 

Cost  control 

1.6 

0.8  to  2.4 

Total 

4.0 

2.0  to  6.0 

Contract  risk 

Firm  fixed  price  (FFP) 

3.0 

2  to  4 

Fixed  plus  incentive  (FPI) 
or  cost  plus  incentive  fee 

(CPIF) 

1.0 

Oto  2 

c® 

CPFF 

0.5 

Oto  1 

c® 

Up  to  a  maximum  of  2.9  at  76  months  or  more,  L{n)  is  a  step-wise  approximation  to 
the  piece-wise  linear  function: 


L{n)  -  max{0,  n!  2-  0.35} 

where  n  is  contract  length.  It  will  be  argued  in  the  next  section  that  l/2m(l  -  a)  (f 
yields  a  possible  approximation  of  the  “correct”  working  capital  markup  when  (a) 
there  is  no  risk  and  (b)  cost  is  expected  to  be  incurred  uniformly  over  time.^ 

Facilities  Capital.  Facilities  capital  compensation  consists  of  two  components.  The 
first,  the  facilities  capital  cost  of  money,  is  an  interest  charge  on  the  product  of  the 
length  of  the  project,  n,  and  the  book  value  of  the  facilities  capital  employed  in  the 
project,  The  interest  rate  used  is  again  the  treasury  rate.  The  second  component, 
the  facilities  capital  markup,  is  specific  to  the  category  of  capital  employed,  land  (L), 
buildings  (B),  or  equipment  {£}? 


^The  rate  ris  the  interest  rate  on  a  'diskless”  investment  (usually  taken  to  be  a  government  treasury  bill). 
^This  component  is,  technically,  not  part  of  the  weighted  guidelines. 

^The  guidelines  also  provide  for  an  alternative  to  the  facilities  capital  markup.  This  is  typically  employed 
for  projects,  such  as  “pure”  research  and  development  projects,  employing  little  in  the  way  of  facilities 
capital.  As  Rogerson  notes,  this  is  on  its  face  bizarre:  Projects  with  no  facilities  capital  should  receive  no 
facilities  capital  markup.  Conceivably,  the  markup  is  intended  to  compensate  for  some  other  unrec¬ 
ognized  cost,  but  if  so,  as  Rogerson  argues,  this  should  be  made  explicit. 
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Performance  Risk.  The  natural  interpretation  of  technical  risk  is  that  it  is  compen¬ 
sation  for  uncertainty  surrounding  cost  If  the  firm  shares  at  least  some  of  the  cost 
variability,  y  >  0,  then  the  firm's  owners  will  require  compensation  for  bearing  the  as¬ 
sociated  risk.  As  can  be  seen  from  Table  2.1,  profit  for  technical  risk  is  computed  as  a 
function  of  expected  cost  only.  The  computation  ignores  the  cost-sharing  rule,  y,  as 
well  as  other  parameters  that  might  conceivably  matter,  such  as  the  length  of  the 
contract.  Rogerson  suggests  as  one  partial  explanation  for  this  that  technical  risk 
may  be  intended  to  provide  compensation  for  certain  unrecognized  costs  other  than 
risk.  It  may,  for  example,  be  that  certain  projects  absorb  a  larger  fraction  of  the  time 
of  the  company's  best  managers  and  engineers  than  is  acknowledged  under  standard 
accounting  rules.  It  is  possible  that  these  overhead-intensive  projects  are  also  riskier, 
and  hence  a  contract  might  write  compensation  for  such  unrecognized  costs  as  a 
function  of  risk  if  risk  were  relatively  easy  to  observe  and  verify. 

As  discussed  at  length  in  Rogerson  (1992a),  the  other  entries  under  “performance 
risk”  are  not  compensation  for  risk  either.  “Cost  control”  is  a  reward  for  the 
contractor's  past  excellence,  as  perceived  by  the  government,  in  minimizing  cost.  As 
Rogerson  (1992a)  notes,  the  motivation  for  this  component  is  not  entirely  clear.  If 
cost  control  is  observable  after  contract  completion,  then  one  would  think  it  would 
be  possible  to  provide  a  reward  for  good  control,  and  a  penalty  for  bad  control,  in  the 
current  contract,  rather  than  postponing  the  incentive  to  the  firm's  next  contract. 
“Management”  covers  a  variety  of  concerns.  Partly,  it  is  a  reward  for  perceptions  that 
management  has  been  effective  in  some  sense;  to  a  degree  this  presumably  overlaps 
with  cost  control.  Partly  also,  it  is  intended  to  provide  extra  compensation  for  those 
projects  that  demand  greater  management  attention  than  accounted  for  in  C. 

Contract  Risk.  Contract  risk  provides  compensation  for  cost  uncertainty.  Unlike  the 
technical  risk  correction,  contract  risk  depends  on  contract  type,  this  providing  a 
crude  link  to  the  cost  share  y;  see  Appendix  A.  There  is  no  explicit  dependence  on 
contract  length. 

4.  A  THEORY  OF  CONTRACT  PROFIT 

The  derivation  here,  based  largely  on  Rogerson  (1992a)  with  some  modifications  due 
to  Osband  (1990a),  is  meant  to  highlight  the  structure  of  the  theoretical  argument 
rather  than  to  offer  a  finished  product  for  computing  contract  profit.  As  one  simplifi¬ 
cation,  some  components  of  unrecognized  costs,  for  example,  G&A  expenses,  will  be 
ignored.  Thus,  it  will  be  assumed  that  C  comprises  all  current  project  costs  save 
working  capital  expenses  and  facilities  capital  rent.  It  will  also  be  assumed  that  total 
expected  cost,  C^,  is  incurred  uniformly  over  time: 

Cf  =  C^/n 

where,  again,  n  is  the  length  of  the  contract.  For  simplicity,  taxes,  which  are  incorpo¬ 
rated  in  Osband  (1989a),  will  be  ignored. 


26  Essays  in  the  Economics  of  Procurement 


For  clarity,  the  discussion  will  first  handle  the  case  where  there  is  no  cost  uncer¬ 
tainty,  thus,  expected  cost  Cf  equals  actual  cost  Cin  every  period  and  there  is  no  role 
for  risk  compensation.  The  facilities  capital  component  of  contract  profit  will  be  de¬ 
rived  only  for  the  no  cost  uncertainty  case. 

No  Cost  Uncertainty 

Working  Capital.  The  task  is  to  find  the  minimum  contract  profit  such  that  the 
payment  at  the  conclusion  of  the  contract  just  compensates  the  firm  for  its  working 
capital  costs  (zero  true  profit).  Ignoring  facilities  capital,  from  Eq.  (3.1)  the  minimum 
contract  payment  is  given  by: 


p=([-a)C-[-nj^  (4.1) 

where  use  has  been  made  of  the  fact  that  C=  C^.  The  term  (1- a)  C  compensates  the 
firm  only  for  the  principal  on  working  capital.  Interest  on  working  capital  must 
therefore  be  covered  by  contract  profit.  Interest  charges  accrue  at  a  rate  r  per  period 
whether  the  funds  are  borrowed  internally  or  externally.^ 

Computation  of  requires  that  the  cost  stream  {~(1  -  a)C/n}  and  the  payment  phe 
placed  on  a  comparable  financial  basis.  This  will  be  done  by  discounting  all  costs 
and  payments  to  the  start  of  the  contract,  date  r  =  0.  Recall  that  a  date  0  amount  Vis 
said  to  be  financially  equivalent  to  {-(1  -  a]Cln}  if  V,  deposited  at  f  ==  0  and  earning 
the  interest  rate  r,  exactly  covers  withdrawals  of  {-(1  -  a)C/n}  per  period  for  n  peri¬ 
ods.  Thus,  paying  V  today  or{-(l  -a)Cln}  for  n  periods  are  equally  costly  to  the  firm. 
The  V  that  will  do  this  is  given  by: 

a-a)C  1 _ a-a)C  1 

n  a+  r)  n  ' 

Similarly,  the  amount  W  which,  if  deposited  today  at  the  interest  rate  r,  would  yield 
exactly  p  in  n  periods  is  given  by: 


W  =  p - - — .  (4.3) 

a+r)" 

Thus,  the  firm  is  indifferent  to  receiving  W  at  t  =  0  or  receiving  p  at  t  ==  1.  To  deter¬ 
mine  the  minimum  contract  profit  we  want  the  contract  to  involve  zero  true 
profit,  hence  we  want  V-^W=0.  This  yields: 


^Throughout,  r  will  be  used  to  denote  the  “riskless”  rate.  A  plausible  real  world  candidate  for  r  is  the 
interest  rate  on  short-term  government  debt,  in  particular  treasury  bills  (t-bills).  In  practice,  t-bill  rates 
fluctuate  over  time,  as  inflation  varies  if  for  no  other  reason,  but  this  fluctuation  will  be  assumed  away.  In 
the  absence  of  any  uncertainty,  as  here,  r  is  the  unique  interest  rate.  In  the  presence  of  uncertainty,  there 
will  be  many  expected  interest  rates,  varying  according  to  risk. 
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P  = 


a-a)C 

n 


1 


f=l 


a+r)^“^ 


(4.4) 


Substituting  from  Eq.  (4.1)  we  have: 


a-a)c+7t^ a+ 

^  f-1 


or 


n 


W  ” 


a-a)C 

n 


£a+r)^^^-n 


t=l 


(4.5) 


For  future  reference,  let: 


F  =  Xa+r)'-^ 

t=l 


n. 


(4.6) 


Again,  gives  the  minimum  contract  profit  needed  to  cover  the  interest  charges  on 
working  capital.  If  working  capital  charges  are  the  only  unreimbursed  expense,  then 
true  profit  is  the  difference: 


As  this  suggests,  if  tt*  <  the  firm  loses  money  by  taking  the  contract. 

The  formula  for  working  capital  in  the  weighted  guidelines  can  be  viewed  as  a  first- 
order  approximation  to  Eq.  (4.5),  or  rather  to  the  analog  of  Eq.  (4.5)  in  continuous 
time.  The  latter  is  given  by: 


n^  =  a-a) 


C 


n 


e^^dt-  n 
Jo 


a-a)— [/"-l- TO], 

rn 


(4.7) 


A  first-order  Taylor  expansion  around  n  =  0  (see,  for  example,  Rudin,  1964)  yields: 

(l-a)C^ 


r- 


(4.8) 


This  approximates  Eq.  (4.5)  by  charging  uncompounded  interest  on  the  ''average'’ 
cost  over  the  period,  namely,  l/2(l~a)C„.  The  reader  will  note  that  Eq.  (4.8)  differs 
from  the  working  capital  correction  in  the  weighted  guidelines  in  two  respects.  First, 
the  “risk-free”  interest  rate  r  typically  lies  a  percentage  point  below  the  treasury  rate  t 
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used  in  the  guidelines.  Second,  the  time  correction  here  is  nil,  whereas  the  working 
capital  adjustment  is,  essentially,  nil  -  0.35. 

Facilities  Capital.  The  derivation  sketched  here  for  minimal  contract  profit  for  facili¬ 
ties  capital  (e.g.,  land,  plant,  and  equipment)  most  closely  resembles  that  in  Osband 
(1990a).  The  treatment  will  ignore  many  real-world  complications,  notably  depreci¬ 
ation  and  taxes.  We  model  a  firm  as  having  to  choose  the  size  of  its  facilities  each 
period  before  the  firm  knows  whether  it  will  in  fact  win  a  production  contract.  For 
example,  the  firm  may  have  to  have  substantial  production  facilities  already  in  place 
to  be  considered  a  “qualified”  bidder.  Having  made  an  investment  of  %K  worth  of 
facilities,  the  firm  faces  the  possibility  that  it  may  not  win  a  contract  and  that  the  fa¬ 
cilities  may  remain  idle.  Formally,  in  each  period  there  is  a  probability  r\  that  the 
firm  will  be  awarded  a  contract,  which  if  won  lasts  for  n  periods.  We  expect  that  q 
will  depend  on  demand  conditions  and  on  how  readily  the  facility  can  be  put  to  dif¬ 
ferent  use  (its  “fungibility”).  Typically,  q  will  vary  over  time,  but  for  simplicity  we  as¬ 
sume  here  that  it  is  constant.  Moreover,  we  assume  that  the  uncertainty  introduced 
byq  has  zero  systematic  risk  and  there  is  no  other  source  of  uncertainty.^ 

If  the  firm  does  not  win  the  contract,  the  clock  moves  forward  one  period.  For  sim¬ 
plicity,  a  period  is  taken  to  be  one  year,  but  the  derivation  is  easily  modified  to  allow 
for  periods  of  other  lengths.  By  assumption,  capital  does  not  depreciate  and  can  be 
resold  on  the  open  market  at  the  beginning  of  each  period.  Thus  the  value  of  the 
capital  at  date  1,  and  at  date  n,  should  simply  be  If  the  firm  invests  so  that  the 
value  of  capital  exactly  equals  its  cost  to  the  firm,  we  should  have: 

K=^{Kf„,  +  K)^—+{L-r])f~  (4.9) 

a+r) 


where  k  is  the  minimum  value  of  the  facilities  component  of  contract  profit. 
Solving  for  n  fac’. 


^  fac  “ 


(1+  r 


n 


K, 


(4.10) 


As  q  goes  to  zero,  7i  must  go  to  infinity  to  compensate  the  firm  for  a  low  probabil¬ 
ity  of  being  employed. 

The  government  in  principle  has  the  ability  to  exploit  the  fact  that,  after  facilities  in¬ 
vestments  are  made  at  the  beginning  of  a  period,  these  investments  are  “sunk”  for 
the  remainder  of  the  period.  To  be  concrete,  suppose  that  a  firm  invests  $Km  facili¬ 
ties  capital  thinking  that  contract  profit  will  be  n  p^^.  However,  suppose  that  be- 


^Zero  systematic  risk  here  means  zero  covariance  with  the  return  on  the  “market  portfolio."  This  is 
discussed  in  the  subsection  on  cost  uncertainty. 

l^This  assumes  the  absence  of  a  “bubble"  in  the  market  for  facilities  capital.  That  is,  implicitly,  a 
transversality  condition  is  imposed  here. 
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tween  the  time  of  the  investment  and  the  time  of  actual  contract  bidding  the  gov¬ 
ernment  changes  the  regulations  so  that  contract  profit  is  only  7t'  <  tt 

If  the  firm  participates  in  the  bidding  and  wins  the  project,  it  has  essentially  two 
choices.  First,  it  can  refuse  to  take  the  contract.  In  this  case,  its  capital  will  have  a  re¬ 
sale  value  of  $Kat  the  start  of  the  next  period.  The  present  value  of  this  is: 

K 

1+r' 

Alternatively,  the  firm  can  take  the  contract.  The  present  value  of  doing  so  is: 

i%'+K) — - — . 
d-t  r)” 

The  firm  will  be  just  indifferent  between  these  two  options  if: 


K 

1+r 


in'+K) — i — 
a-i-r)” 


Thus,  a  winning  firm  will  accept  a  contract  for  a  profit  of  only: 

n'  =  K[(l+rf-'^-l]. 


(4.11) 


k'  will  always  be  smaller  than  n  *  Of  course,  if  the  government  does  exploit  firms 
in  this  way,  and  firms  learn  to  anticipate  this  exploitation,  firms  will  not  invest  in  fa¬ 
cilities  capital  before  bidding.  This  may  harm  DoD  interests  more  than  any  short¬ 
term  gains  from  substituting  n'  for  n 

Two  other  points  may  be  noted.  First,  incorporating  depreciation  will  increase  ti 
and  will  also  cause  n pc  to  vary  by  type  of  facilities  capital  (e.g.,  machine  tools  vs. 
land).  71  pc  vary  by  capital  type  because  of  differences  in  p  stemming  from 

differences  in  fungibility.  Explicitly,  for  highly  fungible  investments,  r|  will  be  high 
(close  to  1)  so  that  n  pc  will  be  relatively  low.  Second,  the  randomness  that  matters 
here  resides  not  in  the  cost  stream  but  in  whether  capital  will  be  hired  at  all.  Al¬ 
though  these  two  types  of  randomness  may  be  correlated,  conceptually  it  is  useful  to 
keep  them  distinct,  a  point  emphasized  in  Rogerson  (1992a). 


Cost  Uncertainty 

Uncertainty  will  be  modeled  here  as  affecting  only  the  cost  stream  {-Q},  now  a 
stochastic  process.  Other  contract  attributes,  such  as  length,  may  likewise  be  uncer¬ 
tain.  In  addition,  there  are  risks  to  the  firm  associated  with  the  fact  that  production 
contracts  are  not  complete  (do  not  specify  actions  under  every  possible  contingency) 
and  with  the  fact  that  there  are  constraints  on  DoD's  ability  to  make  binding  contract 
commitments.  For  example,  the  firm  may  be  concerned  that  DoD  may  cancel  the 
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project,  or,  following  a  design  change,  may  force  renegotiation  of  the  contract  at 
midstream,  possibly  in  a  changed  regulatory  environment.  Profit  policy  analysis  has 
not  yet  incorporated  such  uncertainty  into  the  theory.  This  subsection  will  ignore  fa¬ 
cilities  capital. 

With  uncertain  costs  Q,  Eq.  (4.1)  becomes: 

p=  a"a)C-r7r*-y(C-  Cf)  (4.12) 

which  is  random.  Before  giving  a  formal  analysis,  it  is  worth  considering  what  kind 
of  result  might  be  expected.  The  firm  will  still  need  to  be  compensated  for  interest 
charges  on  working  capital.  In  addition,  we  now  expect  compensation  for  risk.  We 
do  not  distinguish,  as  the  weighted  guidelines  do,  between  'Technical  risk"  and 
“contract  risk" — it  is  not  clear  what  that  distinction  means.  However,  there  are  two 
different  sources  of  risk  to  be  considered.  The  first  is  that  p  is  random.  The  second  is 
that  working  capital  interest  payments  are  now  also  random.  However,  it  will  be 
shown  that  working  capital  risk  is  relatively  unimportant. 

The  role  played  by  these  two  risk  components  can  be  brought  into  sharper  focus  by 
following  a  trick  due  to  Rogerson  (1992a).  Decompose  the  contract  into  two  artificial 
contracts — a  pure  cost- sharing  contract  in  which  there  is  no  working  capital  (a  =  1) 
and  a  pure  financing  contract  in  which  there  is  no  cost  sharing  (y  -  0).  The  two  con¬ 
tracts  yield,  respectively,  minimum  contract  profits  of  to  reimburse  for  cost¬ 
sharing  risk,  and  to  reimburse  for  working  capital  interest  charges  and  working 
capital  risk.  Since,  as  the  reader  can  verify,  the  actual  contract  is  equivalent  to  the 
sum  of  these  two  contracts,  we  have  a  minimum  overall  contract  profit  of: 


Very  loosely,  the  expected  value  of  the  cost  overrun  (C  -  Cf)  is  zero  (by  the  assump¬ 
tion  that  cf  is  the  true  expected  value  of  C)  but  the  present  value  of  the  cost  share 
-y(C  -  cf)  may  nevertheless  be  negative  because  of  the  uncertainty  surrounding 
Consequently,  will  be  positive  provided  y  is  positive  and  should  be  maxi¬ 
mal,  all  else  equal,  when  y  is  1.  It  seems  plausible  that  the  minimum  contract  profit 
will  be  of  the  form  71^=  expect  that  co^  will  vary  with  specifics  of  the  con¬ 

tract.  For  the  pure  financing  contract,  meanwhile,  principal  is  again  repaid  via  (1  - 
a)  C ,  which,  since  it  is  equal  to  actual  principal,  requires  no  risk  correction.  Interest, 
on  the  other  hand,  requires  risk  correction  because  it  is  compensated  by  which 
is  fixed  even  though  Q,  and  hence  interest  on  (l-a)Q,  is  variable.  A  plausible  for¬ 
mulation  is  =  C0j^(l-a)C^,  with  co^  a  risk-corrected  variant  of  Fin;  see  Eqs.  (4.5) 
and  (4.6).  Again,  we  expect  co^;  will  vary  with  contract  parameters.  Summing  up,  we 
expect  that: 


=  [cOcT  +  o)y;a-a)]C^. 


(4.13) 


sufficient  condition  for  this  claim  to  hold  will  be  provided  below. 
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Although  the  intuition  behind  Eq.  (4.13)  is  clear,  providing  a  formal  derivation  is  dif¬ 
ficult  In  Rogerson  (1992a),  and  in  subsequent  work  by  Osband  (1990a),  Vand  W, 
and  hence  co^  and  co^,,  are  computed  via  a  theory  of  asset  valuation  known  as  the 
period-by-period  capital  asset  pricing  model  (CAPM).  The  period-by-period  CAPM 
is  common  in  applied  work  but  the  assumptions  that  underlie  it  are  strong. 
Sufficient  conditions  for  the  model  to  hold  are  discussed  in  Chamberlin  (1988)  and  in 
Huang  and  Litzenberger  (1988,  Section  7.22).  Both  derivations,  incidentally,  hold 
exactly  only  in  continuous  time.  See  also  Fama  (1977). 

For  the  derivation  here,  Q  will  be  modeled  as  a  stock  variable;  it  is  the  sum  of  the 
date  0  cost  level  and  all  input  price  shocks  and  production  innovations  that  have  oc¬ 
curred  since.  Following  Osband  (1990a),  it  will  be  assumed  further  that  the  value  of 
Q  is  independent  of  the  order  in  which  these  shocks  occur.  This  assumption  is 
made  somewhat  more  precise  in  Appendix  B.  There  it  is  derived,  in  discrete  time, 
that: 


co^  = 


^  a  +  l^)^-  n 

f=l 


(4.14) 


(0, 


a+r)"£ 


t=v 


1+r 


■£a+ii)' 


t=i 


The  term  p,  a  constant,  is  the  risk  coefficient: 


(Pm,  - 


11 


var(pM, ) 


■  cov 


V  w  J 


(4.15) 


where  is  the  return  on  the  "market  portfolio'"  in  date  r,  var  denotes  variance,  and 
cov  denotes  covariance.  The  market  portfolio  is  the  collection  of  all  capital  assets, 
including  not  only  all  equity  but  also  private  real  estate  and  human  capital  (e.g., 
the  market  value  of  education).  In  practice,  the  market  is  often  taken  to  be  a  well- 
diversified  portfolio  of  stocks.  As  in  Rogerson  (1992a)  and  Osband  (1990a),  it  is 
assumed  that 


cov(Q,p^P<0 

hence  p  >  0.  That  is,  roughly,  the  stock  market  falls  when  defense  input  prices  rise. 
As  both  authors  note,  this  assumption  is  not  unexceptionable,  but  it  is  at  least  plau¬ 
sible.  The  assumption  implies  that  the  present  value  of  the  cost  share  -y(  C  -  Cf)  is 
indeed  negative,  hence  is  positive.  Appendix  B  provides  some  intuition  as  to  why 
p  takes  the  above  form. 
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As  a  check  on  Eq.  (4.15),  note  that  it  yields  Eq.  (4.5)  if  q  =  The  complexity  of  Eq. 
(4.15)  obscures  the  fact  that  the  influence  of  p  on  is  slight.  This  can  be  seen  more 
transparently  if  we  switch  to  continuous  time.  For  completeness,  the  analogs  of  both 
Eq.  (4.14)  and  Eq.  (4.15)  are  given: 


1 

00^  =  - 

n 

Jo 

1 

-[e^"-l-pn] 

(4.16) 


and 


^  1^ 
n 


Jo  Jo 


„m  7 

(p-  r)  p 


- 1 — 

n(p  -  r)  np 


Computing  a  first-order  approximation,  as  for  Eq.  (4.8),  we  get: 

1 

coc  =  -pn. 


(4.17) 


(4.18) 


cOjt;  =  -i  rn.  (4.19) 

The  latter  is  exactly  the  coefficient  in  Eq.  (4.8).  Roughly,  the  intuition  is  that  the  risk 
term  in  Eq.  (4.17)  is  approximately  pm/2,  which  will  be  quite  small  if,  as  is  typically 
the  case,  both  p  and  r  are  of  the  order  1/10  or  less.  Numerical  simulation  confirms 
this.  For  n  =  3  and  r=  0.1,  G)k,  as  given  by  Eq.  (4.17)  rises  from  0.166  at  p  =  0  only  to 
0.175  at  p  =  0.05.  The  approximation  given  by  Eq.  (4.19)  is  roughly  10  percent  too  low 
at  p  =  0,  and  this  worsens  to  14  percent  too  low  at  p  =  0.05.  See  Figure  2.1. 


True  Profit  and  Other  Compensation 

The  derivations  above  are  illustrative.  A  more  complete  formulation  would  take  into 
account  G&A  costs,  unallowed  expenses  (e.g.,  subsidized  employee  meals),  taxes, 
depreciation  on  facilities  capital,  payment  delays,  the  fact  that  cost-plus  contracts 
make  progress  payments  on  profit  as  well  as  on  cost,  ceilings  on  progress  payments, 
as  well  as  more  complex  forms  of  uncertainty  (for  example,  about  contract  length  as 


1  9 

^"^Note  also  that  co^;  =  0  if  r  =  0,  confirming  that  there  is  no  risk  compensation  for  principal,  only  for 
interest. 
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Light;  co^= — - — e''«] -  — 1]  (4.17) 

n{[i-r)  n\i 

Heavy:  co^  =-Lrn  (4.19) 

Figure  2. 1 — Corrections  for  Risk  and  Contract  Parameters 


well  as  about  cost).  Many  of  these  concerns  are  addressed  in  Rogerson  (1992a), 
Osband  (1990a),  or  both.  There  are  doubtless  other  complications  to  be  considered 
as  well.  For  example,  Osband  (1990a)  argues  that  engineering  or  production  teams 
have  some  of  the  qualities  of  facilities  capital  and  therefore  calculations  similar  to 
those  for  facilities  might  be  applied  to  them. 

In  addition,  the  task  remains  of  providing  a  theory  for  determining  the  optimal  size 
of  true  profit,  profit  in  excess  of  that  needed  to  induce  the  firm  to  accept  the  contract. 
Something  of  a  start  on  such  a  theory,  but  only  a  start,  is  represented  by  the  calcula¬ 
tion  for  the  markup  for  facilities  capital.  Presumably,  the  overall  true  profit  compo¬ 
nent  may  involve  additional  markups  meant  to  induce  investment  in  other  areas, 
such  as  independent  research.  A  complete  theory  of  profit  will  require  a  better  un¬ 
derstanding  of  how  profit  policy  interacts  with  the  long-run  decisionmaking  of  firms. 
Such  interaction  may  lead  to  "counterintuitive”  results,  as  in  the  observation  that 
higher  contract  profit  can  mean  lower  overall  profit  from  a  long-run  perspective;  see 
the  discussion  of  Bower  and  Osband  (Chapter  Four)  in  Section  2. 

Measurement 

The  precision  suggested  by  the  derivations  above  is  misleading.  The  formulas  specify 
the  form  of  the  profit  corrections  needed,  but  estimation  of  the  needed  parameters  is 
problematic.  If  for  no  other  reason  than  the  volatility  of  input  prices,  forecasting  Q 
except  over  a  short  period  is  difficult.  Estimating  p,  the  expected  covariance  of  the 
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cost  stream  with  the  market  portfolio,  will  be  equally  difficult.  To  a  degree,  p,  and 
can  be  estimated  from  the  ex  post  performance  of  similar  production  contracts. 
However,  the  canonical  profit  policy  contract  is  for  the  production  of  a  singular,  state 
of  the  art,  piece  of  equipment  and  here,  arguably,  the  value  of  history  in  making  pre¬ 
dictions  may  be  limited. 

Even  computing  the  risk-free  rate  is  not  trivial.  Although  it  can  be  proxied  by  the  t- 
bill  rate  in  the  current  period,  for  subsequent  periods  it  must  be  inferred  from  the 
term  structure  of  long-term  rates.  Rogerson  (1992a)  provides  such  a  calculation  in¬ 
volving  the  LIBOR  futures  market.^^  As  Osband  (1990b)  notes,  term  structures,  even 
for  essentially  riskless  assets,  appear  to  incorporate  risk,  apparently  because  of  un¬ 
certainty  over  inflation.  This  may  in  turn  mean  that  the  data  are  inconsistent  with 
application  of  the  period-by-period  CAPM;  see  Fama  (1977).  For  discussion  of  other 
problems  in  estimating  the  ‘‘simple”  static  CAPM,  all  of  which  are  inherited  by  the 
period-by-period  CAPM,  see  Huang  and  Litzenberger  (1988). 

It  perhaps  should  be  stressed  that  these  cautionary  comments  do  not  constitute  an 
indictment  of  the  derivations  in  the  preceding  subsections.  The  reader  may  note  that 
the  same  estimation  problems  plague  profit  policy  in  any  form  it  takes.  The  value  of 
the  derivations,  and  especially  of  Eq.  (4.13),  which  arguably  will  hold  under  any 
“reasonable”  model  of  asset  pricing,  is  that  they  ensure  that  the  basic  framework  is 
logically  sound  and  provide  some  guidance  as  to  exactly  what  needs  to  be  estimated. 

5.  THEORETICAL  VERSUS  ACTUAL  CONTRACT  PROFIT 

Following  roughly  the  format  of  Section  4,  the  discussion  will  be  broken  into  subsec¬ 
tions  covering  working  capital  interest  charges  (tc^^),  facilities  capital  (tt^'^^),  cost¬ 
sharing  risk  (tt:^),  and  true  profit  and  other  compensation. 

Working  Capital 

The  minimum  profit  compensation  for  working  capital  is,  from  Eq.  (4.12),  of  the 
form: 


a-aXo^^C^. 


In  continuous  time  we  derived  Eq.  (4.17): 


^  -  -i-  [e^"  -  1] .  (5.1) 

n(^-r]  n[i 


A  first-order  approximation  to  this  is  Eq.  (4.19): 


^^LIBOR  is  the  London  Interbank  Offer  Rate,  the  rate  paid  on  three-month  U.S.  dollar  time  deposits  in 
Europe. 
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(5.2) 


Thus,  the  risk  component  of  working  capital  compensation  is  negligible  for  n  small. 
As  already  noted  in  the  previous  section,  the  approximation  in  Eq.  (5.1)  accords  fairly 
well  with  profit  policy,  which  specifies  roughly: 


-n-0.35 

2 


(5.3) 


provided  that  contract  length  is  76  months  or  less.  Equations  (5.2)  and  (5,3)  differ  in 
two  respects.  The  first  is  that  Eq.  (5.3)  uses  the  treasury  rate  t,  which  runs  a 
percentage  point  higher  than  the  short-term  riskless  rate  r.  That  is,  if  Eq.  (5.1)  and 
the  theory  behind  it  is  taken  seriously  then  the  working  capital  adjustment  may  be 
too  generous. On  the  other  hand,  the  ceiling  on  L(n)  and  the  subtraction  of  0.35 
work  in  the  opposite  direction.  lfn  =  3,  0.1,  and  t  =  0.11,  we  get  =  0.150  from 

Eq.  (5.2)  but  C0j^=  0.127  from  Eq.  (5.3),  about  16  percent  too  low.  As  n  grows,  the 
term  -0.35t  is  dominated  and  the  percentage  error  converges  to  (x-  r)/r,  which  in 
this  example  is  positive  10  percent.  However,  at  these  interest  rates,  the  error  is 
negative  so  long  as  the  contract  length  n  is  less  than  8  years.  These  errors,  it  should 
be  borne  in  mind,  are  on  top  of  the  errors  resident  in  the  approximation  itself.  With 
n  =  3,  0.1,  and  q  =  0.05,  Eq.  (5.1)  yields  0.175,  so  that  Eq.  (5.2)  is  14  percent  too  low 

and  Eq.  (5.3)  is  27  percent  too  low.  See  Figure  2.2. 


Facilities  Capital 

From  Eq.  (4.10),  if  the  probability  that  facilities  will  remain  idle  for  one  period  is  1-  q, 
producers  demand  a  minimum  of: 


^  fac 


K 


(5.4) 


in  contract  profit  to  invest  in  facilities  capital.  (Again,  cost  risk,  and  a  number  of 
other  risks,  were  ignored  in  this  analysis.)  In  continuous  time: 


K 


e''«_a_r,)e'(«-«-n 


(5.5) 


noted  in  Section  3,  the  weighted  guidelines  specify  that  on  fixed-price  contracts  with  no  progress 
payments,  a  =  0,  firms  should  receive  profit  of  0.02  C^.  This  is  grossly  wrong  unless  the  contract  is  very 
short  (a  week). 

^^Note,  however,  that  Eq.  (4.16),  hence  Eq.  (5.2),  assumes  that  is  riskless.  If  were  risky,  say 
because  there  were  positive  probability  the  government  would  refuse  to  accept  delivery,  then  this  risk 
would  have  to  be  compensated.  Conceivably,  the  needed  adjustment  to  the  calculation  might  be 
approximated  by  discounting  at  a  higher  rate;  see  the  discussion  of  discounting  in  Osband  (1990a). 
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Figure  2.2 — Corrections  for  Risk  and  Contract  Length 


This  is  Eq.  (C.3)  from  Appendix  C,  where  two  variants,  arguably  less  plausible,  are 
also  derived.  The  first-order  approximation  to  this  about  n  =  0  is: 


^  fac 


K 
ri  L 


(1-1- nr) [1- (1- hie  '^]-r| 


(5.6) 


Actual  profit  policy,  on  the  other  hand,  is  of  the  form: 

71  fac  -  nrK+  n^atiKi  (5.7) 

where  i  is  specific  to  the  type  of  capital  (e.g.,  land,  buildings,  equipment).  For  land, 
COjr  =0. 

Part  of  the  difference  between  Eqs.  (5.7)  and  (5.6)  is  illusory.  If,  for  example,  depre¬ 
ciation  had  been  taken  into  account,  then  Eq.  (5.4)  would  likewise  depend  on  capital 
type.  Conversely,  the  influence  of  ri  may  be  reflected  in  Eq.  (5.7)  through  the  terms 
coj.  These  complications  aside,  to  reconcile  Eqs.  (5.6)  and  (5.7),  one  can  derive  that 
we  must  have,  if  there  is  a  single  capital  good  type: 


co  =  - 


>1 


n 


(5.8) 
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Figure  2.3  plots  co  as  a  function  of  p  assuming  r  =  0.1  and  n  =  3.  For  p  =  1  (the  firm 
gets  the  contract  for  certain),  co  =  0  and 

71  pf.  =  nrK.  (5.9) 

The  appendix  provides  another  story  for  why  something  like  Eq.  (5.9)  might  hold  (see 
Eq.  (C.6)).  For  0  <  t|  <  1,  (o  is  positive  and  increasing  as  q  falls.  Although,  the 
weighted  guidelines  do  not  stipulate  that  to  be  given  by  Eq.  (5.8),  DoD  negotiators  are 
given  considerable  latitude  in  specifying  co.  Therefore,  it  is  conceivable  that,  as  im¬ 
plemented,  profit  policy  is  closer  to  the  theory  embodied  in  Eq.  (5.6)  than  it  may  at 
first  appear. 

Cost-Sharing  Risk 

Recall  that  the  profit  compensation  for  cost-sharing  risk  is,  from  Eq.  (4.10): 

ycOcC®.  (5.10) 

The  weighted  guidelines  provide  a  risk  adjustment,  which  is  the  sum  of  two  terms. 
The  "technical  risk”  term  is  of  the  form  5C®,  which  is  not  correct,  since  cost-sharing 
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q  n 


Figure  2.3 — Corrections  for  Risk  in  Employing  Facilities  Capital 
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risk  must  be  a  function  of  the  level  of  cost  sharing,  In  particular,  technical  risk 
gives  profit  to  cost-plus-fixed-fee  contracts  (CPFF;  y  =  0),  which  bear  no  cost-sharing 
risk.  The  “contract  risk”  term  depends  on  contract  type.  The  ranges  for  markups 
over  cost  have  midpoints,  which  increase  as  one  goes  from  CPFF  contracts  to  firm- 
fixed-price  (FFP)  contracts  (for  which  y  =  1).  Thus,  this  component  is  roughly  of  the 
correct  form. 

The  current  regulations  do  not  make  explicitly  a  function  of  contract  length  n. 
Under  the  cost  technology  modeled  here,  taken  from  Osband  (1990a),  this  is  incor¬ 
rect.  The  error  introduced  by  ignoring  contract  length  can  be  substantial.  In  the 
continuous  time  formulation  of  Eq.  (4.16): 

(Or~  —  le^^  -l-pn]  (5.11) 

n[i 

which  by  the  first-order  approximation  of  Eq.  (4.18)  is: 

(5.12) 

That  is,  the  risk  adjustment  should  rise  approximately  linearly  in  contract  length. 
Suppose  that  the  risk  adjustment  coefficient  is  fixed  at  some  0)^.  For  specificity, 
suppose  co^  is  chosen  such  that  Eq.  (5.12)  is  satisfied  exactly  at  n  =  3.  Then,  as  an  il¬ 
lustration,  if  p  =  0.05: 


co^  =  0.08. 

However,  if  contract  length  were  n  -  4,  then  the  value  of  given  by  Eq.  (5.12) 
changes  to: 


0)^  =  0.11. 

Thus,  even  one  additional  contract  year  causes  co*  to  underestimate  co^  by  roughly 
26  percent.  This  dwarfs,  for  example,  the  error  from  using  Eq.  (5.12).  The  omission 
of  n  from  the  profit  policy  specification  of  co^  appears  to  be  the  main  explanation  for 
the  finding  in  Osband  (1989a)  that  the  present  value  of  profit  policy  contracts  is 
sharply  declining  in  n. 

True  Profit  and  Other  Compensation 

Few  components  in  this  category  are  explicitly  represented  in  the  weighted  guide¬ 
lines.  As  discussed  in  Section  3,  certain  additional  expenses  appear  under  manage¬ 
ment,  but  otherwise  the  corrections  are  loaded  into  the  markups  for  cost  risk,  work¬ 
ing  capital,  or  facilities  capital.  This  applies  in  particular  to  true  profit,  most  of  which 


^^But  see  the  discussion  of  technical  risk  in  Section  3. 
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must  be  computed  as  a  residual.  Rogerson  (1992a)  argues  that  ideally,  profit  policy 
would  provide  explicit  categories,  and  guidelines,  for  each  of  these  items. 

Using  a  somewhat  different  model  of  cost  uncertainty  than  that  used  here,  Rogerson 
(1992a)  estimates  that  the  current  weighted  guidelines  provide  true  profit  of  0.56  per¬ 
cent  of  cost  on  FFP  contracts  and  4.06  percent  on  CPFF  contracts.  It  is  not  clear  what 
the  economic  rationale  would  be  for  making  true  profit  depend  on  the  form  of  the 
contract.  Rogerson  suggests  that  the  difference,  a  factor  of  8,  probably  stems  from 
the  error,  noted  above,  in  giving  compensation  to  CPFF  contracts  for  cost- sharing 
risk  even  though  they  involve  no  cost  sharing. 

6.  CONCLUSION 

As  the  previous  section  detailed,  the  weighted  guidelines  appear  to  err  in  some  rec¬ 
ommendations  for  the  “correct”  level  of  compensation  for  unrecognized  costs.  The 
significance  of  this  should  not  be  exaggerated.  The  weighted  guidelines,  by  permit¬ 
ting  DoD  negotiators  to  select  cost  markups  from  ranges  that  in  many  cases  are  quite 
broad,  provide  substantial  room  to  address  compensation  problems.  However,  as 
Rogerson  has  emphasized,  it  may  be  desirable  nevertheless  to  restructure  profit  pol¬ 
icy  so  that  it  is  more  transparent  in  its  operation  and  so  that,  in  particular,  what  has 
been  called  the  “true”  profit  component  can  more  readily  be  determined.  Improved 
transparency  may  lower  the  cost  of  contract  negotiation  and  may  in  particular  help 
forestall  some  of  the  lobbying  that  now  takes  place. 

The  theory  of  the  weighted  guidelines  sketched  here  is  not  complete  but  it  is  consid¬ 
erably  advanced.  Research  on  profit  policy  may  now  be  most  productive  if  directed 
at  neighboring  issues.  Of  these,  two  seem  especially  worthy  of  attention.  First,  there 
has  been  relatively  little  research  on  how  joint  costs,  for  example,  buildings  shared  by 
more  than  one  project,  are  allocated  across  contracts.  One  conjecture  is  that,  be¬ 
cause  negotiated  profit  is  computed  as  a  percentage  of  cost,  firms  may  bargain  with 
DoD  negotiators  to  have  the  charges  for  joint  costs  assigned  disproportionately  to 
profit  policy  contracts.  It  remains  for  future  work  to  determine  whether  this  actually 
happens,  and  what  the  net  efficiency  consequences  are.  Second,  more  work  remains 
to  be  done  on  profit  policy  from  the  perspective  of  long-term  industry  decisionmak¬ 
ing.  Broad  issues  include  DoD  commitment  to  stable  policy  and  the  overall  role  of 
negotiated  contracts  in  procurement.  More  narrowly,  if  “true”  contract  profit  is  to  be 
used  as  a  policy  instrument,  then  its  effects  must  be  gauged  and  a  method  found  for 
setting  it  at  an  appropriate  level. 

APPENDIX  A:  CONTRACT  TYPES 

There  are  two  basic  contract  types,  “fixed  price”  and  “cost  plus.”  These  are  defined 
in  reference  to  extreme  representatives:  the  FFP  contract  and  the  CPFF  contract. 


^^The  component  labeled  cost  control  is  a  reward  for  perceived  managerial  excellence  on  previous 
contracts,  and  so  may,  in  a  sense,  be  considered  part  of  true  profit.  But  see  the  discussion  of  cost  control 
in  Section  3. 
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The  CPFF  contract  sets  the  cost-sharing  parameter  7  =  0  (full  cost  sharing)  and  the 
progress  payment  rate  a  =  1.  Moreover,  progress  payments  apply  to  both  cost  reim¬ 
bursement  and  contract  profit.  Consequently,  with  payment  being  made  in  full  dur¬ 
ing  the  course  of  the  contract,  the  payment  p  at  the  end  of  the  contract  is  0. 

In  contrast,  under  the  FFP  contract,  7=1  (zero  cost  sharing)  and  a  e[0,l],  so  that  Eq. 
(3.1)  becomes: 


p  =  (l-a)C+7i:*-C  +  C^ 

=  71  +C^-aC. 

In  words,  the  payment  at  contract  end  is  contract  profit  k  *  plus  expected  cost  less 
the  fraction  of  actual  cost  paid  out  as  progress  payment.  Intermediate  between  these 
two  extremes  are  CPIF  and  FPI  contracts. 

Like  the  CPFF,  a  CPIF  sets  a  =  1  and  progress  payments  apply  to  both  cost  and  profit. 
Unlike  the  CPFF,  the  sharing  ratio  7  is  set  above  zero;  15  percent  is  a  typical  sharing 
rule.  Under  a  cost  plus  incentive  fee  contract,  7  reverts  to  zero  if  actual  costs  fall  out¬ 
side  of  some  interval  around  Cf.  Thus,  in  particular,  the  firm  bears  7  of  cost  overruns 
up  to  some  upper  bound  -h  but  bears  0  of  the  cost  overrun  beyond  that. 

The  fixed-price-incentive  contract  sets  a €[0,1],  a  =  80  percent  is  typical,  and  sets 
cost  share  at  a  value  less  than  1,  but  usually  greater  than  the  cost  share  on  a  CPIF 
contract;  a  7  of  30  percent  on  a  FPI  contract  is  typical.  As  noted  in  the  text,  progress 
payments  on  a  FPI  contract  apply  only  to  cost,  not  to  profit.  Finally,  if  realized  costs 
fall  outside  of  some  interval,  FPI  contracts  revert  to  firm-fixed-price  contracts 
(whereas  CPIF  contracts  revert  to  CPFF).  Thus,  the  firm  bears  7  of  cost  overruns  up 
to  some  +  fo,  where  b  is  some  positive  number,  and  all  of  the  cost  overrun  beyond 
that.  Unlike  with  CPIF  contracts,  underruns  do  not  cause  a  similar  reversion. 


APPENDIX  B:  UNCERTAINTY 


Consider  first  the  static  CAPM  of  introductory  finance  in  which  there  are  only  two 
periods:  Assets  are  traded  today  (date  0)  and  dividends  are  paid  out  tomorrow  (date 
1);  see  Huang  and  Litzenberger  (1988).  Consider  some  asset,  say  a  stock,  and  denote 
its  return  over  the  period  by  p  and  expected  return  by  p^.  Let  the  return  on  the  mar¬ 
ket  portfolio  be  p^  and  its  expectation  “Market  portfolio”  is  defined  in  the  text. 
Recall  that  we  have  assumed  that  there  is  a  constant  riskless  rate  of  return  of  r  per  pe¬ 
riod,  where  riskless  means  that  ris  not  random. 

Under  the  assumptions  of  the  capital  asset  model,  equilibrium  requires  that: 


cov(p,Pm) 

var(pM) 


(pM-r) 


(B.l) 


where  cov  denotes  covariance  and  var  denotes  variance.  In  words,  the  risk  premium 
(p®-  r)  on  the  asset  is  exactly  proportional  to  the  risk  premium  on  the  market  as  a 
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whole,  (pM-r),  with  the  factor  of  proportionality  being  the  normalized  covariance  of 
the  asset  return  with  the  market  return  cov{p,pjy^)/var(py\^).  Thus,  CAPM  says  that 
the  market  requires  a  premium  for  randomness  (as  reflected  in  a  higher  p®)  only  to 
the  extent  that  the  asset  is  correlated  with  the  market  as  a  whole.  The  variance  of  p 
per  se  does  not  matter.  Part  of  the  intuition  for  this  is  that  what  investors  care  about 
is  not  the  variability  of  an  asset  in  isolation,  but  how  that  variability  affects  the  total 
variability  of  their  asset  portfolios.  For  a  more  deliberate  and  careful  exposition,  the 
reader  should  consult  Huang  and  Litzenberger  (1988). 

For  our  purposes,  it  is  convenient  to  rewrite  Eq.  (B.l)  so  that  it  is  in  terms  of  the  cur¬ 
rent  price  of  the  asset  rather  than  the  asset’s  rate  of  return.  Let  V  be  the  price  of  the 
asset  and  X  be  its  gross  return,  so  that  p=iX-V)/V.  Substituting  into  Eq.  (B.l) 
yields: 


1/ 


-1-r 


cov 


X 

v' 


EPm 


var 


(pm) 


or. 


Let: 

(pM-r) 

var(pM  j 

Then  Eq.  (B.2)  can  be  manipulated  to  yield: 

H  =  — 


-Xcov(x,Pm) 


(Ur) 

1- A,cov 


’Pm 


M 


V 


-a  +  r) 


1  cov(x,Pm) 
V  var(pA^) 


Pm 


(B.2) 


(B.3) 


In  words,  the  present  value  of  the  asset  paying  X  is  the  discounted  expected  value  of 
with  a  “risk-adjusted"  discount  rate  given  by: 
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* 

l  +  r 


1+r 


1-Xcov 


Z  - 


(B.4) 


Although  the  discussion  to  this  point  has  been  in  terms  of  the  return  on  stock,  the 
same  algebraic  machinery  applies  to  any  random  asset,  including  a  random  cost.  If 
the  cost  at  date  1  is  -C,  this  is  worth  at  date  0: 


1-X.cov 


l  +  r 


(B.5) 


As  in  the  text,  the  assumption  will  be  made  that  the  sign  of  cov(C,p^)  is  negative: 
Higher  defense  industry  costs  tend  to  be  correlated  with  lower  profits  in  the  economy 
as  a  whole.  Thus,  confirming  the  obvious,  the  present  value  of  the  date  1  cost  C  is 
unambiguously  negative. 

We  want  to  derive  the  analog  to  Eq.  (B.5)  when  the  cost  is  incurred  in  period  ^ >  l.  To 
this  end,  we  wish  to  use  Eq.  (B.5)  recursively.  At  date  1,  the  value  of  the  cost  in¬ 
curred  in  date  tis: 


a 


(Q)’ 


PMj 


l  +  r 


(B.6) 


where  V^i  is  read,  “The  value  at  date  t-  1  of  a  cost  incurred  at  date  t."  Ef_i  denotes 
expectation  based  on  information  known  at  date  t-  1,  cov;;_|  denotes  covariance 
based  on  information  known  at  date  t-  1,  and  -  (£f_|  (Pm^  )• 

Applying  Eq.  {B.5)  again: 


vU=-Et-2ivU) 


1- V2COVt_2 


v, 


Et- 


-f  ’Pm, 
-liVt-l) 


l  +  r 


(B.7) 


In  principle,  (Q),  cov^.^  C,' ),  and  could  all  be  date  t~-2  random  variables. 
Thus,  substitution  of  Eq.  (B.6)  into  Eq.  {B.7)  could  yield  an  extremely  complex 
expression.  However,  internal  consistency  of  the  period-by-period  CAPM  imposes 
strong  restrictions  on  what  can  in  fact  be  random  at  t- 2.  Following  Fama  (1977),  we 
assume  that  only  E^_i  (Q)  is  random.  For  simplicity,  we  further  assume  that  X-j  is  a 
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constant.  Then,  upon  substituting  Eq.  (B.6)  into  Eq.  (B.7),  we  derive,  since 


vU^-Et-iiCt) 


1 


(1  +  rr 

f 


1-A.coVi 


t-2 


1-^COV; 


f-1 


Ct 


Et-iiCt 


>PMi 


Continuing  in  this  manner: 


Vn' 


-EoiCf] 


t-1 

n 


a  +  rf  f=0 


1™>.C0V,- 


'EuiiCf)  .  ^ 

£/(Q) 


(B.8) 


(B.9) 


Thus,  the  period-by-period  CAPM  discounts  at  the  riskless  rate  a  risk-adjusted 
expectation  of  Q. 

Assume  that  Q  can  be  written  as  the  sum  of  some  period  0  cost  plus  a  sequence  of 
cost  shocks,  say  to  input  prices  or  to  the  production  technology.  Following  Osband 
(1990a),  if  Q  is  independent  of  the  order  in  which  these  shocks  arrive,  then: 


lLit=-XCOVi 


EiiQ) 


will  be  a  constant,  independent  of  L  Assume  further  that  it  is  independent  of  t  Note 
that  since  we  assume,  cov{C,  p^)  <  0,  we  have  =  p  >  0.  Substituting  into  Eq. 
(B.9): 


Co'  =  -£o(Q) 


1  +  P 

T+7 


Thus  the  present  value  of  the  total  cost  stream  is: 


n  n 

t  =  l  f  =  l 


1  -P  p 

1  +  r 


“if 


To  price  out  the  payment,  note  first  that  we  can  write: 


(B.IO) 


(B.ll) 


p  =  (l-a)C  +  7t^  ~y(C-C®) 
=  7i:;„  +  YC®  +  (l-a-Y)C. 


The  term  +  yC^is  assumed  nonrandom,  hence  does  not  covary  with  ,  hence 
is  discounted  at  the  riskless  rate  r.  The  term  (t-a-yiC  is  the  sum  of  terms 
(1  -  a  -  y)C”,  where  Cf  is  Q  at  date  n.  From  the  perspective  of  any  period  s>  t,  Cf 
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is  known,  hence  gets  discounted  at  the  riskless  rate.  Beginning  at  date  t- 1,  however, 
Q  is  random  and  is  evaluated  as  in  Eq.  (B.IO).  Thus,  the  date  0  value  of  C”  is 


a  +  r) 


n-t 


EoiCr) 


l  +  |i 
1  +  r 


Combining,  the  date  0  value  of  the  payment  p  is: 


W 


_K^+yC^  ,  (i-g-y)  C 


<e  n 


(l  +  r) 

Setting  IV=  0  yields: 
1 


(l  +  rf  (1  +  rf  n 

if  f-e  n 

—  |7t;„  +  (l-a)  — ^(l  +  q/-Y 


n 


t=i 


a+rr 


n  ^  n 

nm  +  (l-o.) —  +  —  ya  +  B)'-n 

f=l  ^  t=l 


n 

=  a-a) —  y 


1  +  q 


1+  r 


f 


or 


“  y  ■ 


Xa+B)'- 


_ _ 1 

+ 

i 

n 

X 

1  +  |i 

r=l 

1+  r 

Xa+B)' 


(B.12) 


From  this,  ^ve  get  immediately  Eqs.  (4.14)  and  (4.15). 

APPENDIX  C:  FACILITIES  PROFIT  IN  CONTINUOUS  TIME 

Suppose  that  interest  compounds  continuously  but  otherwise  there  is  no  basic 
change  in  the  model.  In  particular,  it  remains  the  case  that  if  at  time  0  the  firm  fails 
to  win  a  contract,  it  must  wait  one  full  period  (one  year)  either  to  sell  its  facilities  or 
bid  for  a  new  contract.  Given  this,  if  we  divide  each  period  into  s  subperiods,  Eq. 
(4.9)  becomes: 


(l+r/s)' 


,sn 


+(l-ri) 


K 


a  +  r/sf 


(C.l) 


which  can  be  rewritten  as: 
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K 

^fac  -  ^ 


(l  +  r/s/”-{l-'n)(l  +  r/s)^^” 


(C.2) 


As  s  goes  to  infinity,  this  approaches: 


K 

^fac  ~ 


h 


A  first-order  approximation  to  this  around  n  =  0  is  given  by: 

K 


'^fac  ~ 


{l-Hnr)[l-(l-r()e  ^]-r| 


(C.3) 


(C.4) 


An  alternative  is  to  model  the  period  itself  as  shrinking.  In  this  case,  failure  to  win  a 
contract  at  date  0  means  that  the  firm  must  wait  only  until  date  I/5  to  bid  on  a  new 
project  or  sell  its  capital.  Thus,  as  5  goes  to  infinity,  the  length  of  time  that  a  firm's  fa¬ 
cilities  capital  investment  remains  “sunk"  shrinks  to  zero.  This  is  contrary  to  the 
spirit  of  the  model  sketched  in  Section  3,  but  the  approach  yields  somewhat  simpler 
formulas.  Moreover,  one  variant  (Eq.  (C.7)  below),  is  the  approach  actually 
employed  in  Osband  {1990a). 

Suppose  that  the  probability  of  winning  a  contract  holds  fixed  at  77.  Then  Eq.  (C.l) 
becomes: 


K-- 


y\{Tl^ac+K) 


[l  +  r/sf 


-  +  (l-r|) 


K 


l  +  rjs 


(C.5) 


which  can  be  rewritten  as: 


^/flC 


h 


(l  +  r/sf”-(l-r|)(l  +  r/s) 


5n-l 


As  s  goes  to  infinity,  this  approaches: 


'^fac 


Note  that  this  does  not  depend  on  q,  the  probability  of  winning  a  contract  in  a  given 
period.  As  s  goes  to  infinity  the  firm  is  allowed  to  bid  “infinitely  often”  in  any  given 
time  interval.  Because  the  probability  of  winning  a  contract  in  any  given  auction  is 
fixed  at  q  >0,  the  firm  will  almost  surely  get  a  contract  “infinitely  close”  to  date  0.  A 
first-order  approximation  to  this  around  n^Ois  given  by: 


Kfac^rnK, 


(C.6) 


46  Essays  in  the  Economics  of  Procurement 


It  may  be  noted  that  under  this  scenario,  the  continuous  time  analog  of  Eq.  (4.11) 
gives  a  tc' equal  to  tc  There  is  no  room  for  the  government  to  exploit  firms  that 
have  already  '‘sunk”  facilities  investments.  The  reason  is  simply  that  the  time  period 
is  now  instantaneous  and  the  probability  of  winning  a  contract  is  effectively  1. 

On  the  other  hand,  we  could  view  the  probability  of  winning  a  contract  at  any  date  as 
r[/s.  Thus  the  probability  of  winning  a  contract  in  a  given  period  shrinks  proportion¬ 
ately  with  the  length  of  the  period,  much  as  interest  per  period  shrinks  (to  r/s).  The 
idea  is  that  as  the  period  length  shrinks,  contracts  become  available  more  frequently 
but  the  number  of  competitors  increases  as  well,  so  that  the  probability  of  winning  a 
contract  in  a  given  period  grows  smaller.  Equation  (C.5)  becomes: 

K  =  [r]/s)inf^,+K) - {C.7) 

(l  +  r/5)  l-^r/s 


which  can  be  rewritten  as: 


'^fac  ~ 


-1  r  +  vj 


As  s  goes  to  infinity,  this  converges  to: 


^fac  ” 


As  noted,  this  is  the  continuous  time  formulation  actually  used  in  Osband  (1990a).  A 
first-order  approximation  to  this  around  n  =  0  is  given  by: 


^fac^^r[n(r+y])  +  l]. 


(C.8) 


_ Chapter  Three 

PROFIT  REGULATION  OF  DEFENSE  CONTRACTORS 

AND  PRIZES  FOR  INNOVATION 
_ by  William  P.  Rogerson^ 


1.  INTRODUCTION 

This  paper  first  argues,  based  on  theoretical  grounds,  that  informational  and  incen¬ 
tive  constraints  inherent  in  the  innovation  process  require  that  regulatory  institu¬ 
tions  in  defense  procurement  create  prizes  for  innovation.  Since  the  quality  of  an 
innovation  is  difficult  to  objectively  describe  or  measure,  the  most  natural  method 
for  awarding  prizes  is  to  allow  firms  to  earn  positive  economic  profit  on  production 
contracts.  Explicit  recognition  of  this  role  of  profit  regulation  generates  interesting 
perspectives  on  a  number  of  important  policy  issues  involving  regulatory  design. 
The  value  of  the  prizes  offered  on  twelve  major  aerospace  systems  are  calculated. 
The  prizes  are  clearly  large  enough  to  support  the  contention  that  their  existence  is 
an  important  aspect  of  the  current  regulatory  structure.^ 

Section  2  of  the  paper  presents  background  information  on  the  procurement  pro¬ 
cess.  Section  3  then  presents  a  more  complete  description  of  the  theory.  Section  4 
shows  that  this  simple  idea  sheds  new  light  on  a  number  of  current  policy  debates  on 
how  profit  policy  should  be  structured.  Section  5  develops  the  theoretical  basis  for 
using  observed  changes  in  firms'  stock  market  value  to  infer  the  size  of  the  prizes 
they  were  competing  for.  Section  6  presents  the  empirical  measurement  of  the 
changes  in  firms'  stock  market  values.  Section  7  uses  the  theory  of  Section  5  and  the 
data  of  Section  6  to  estimate  the  size  of  the  prizes. 

2.  BACKGROUND 

In  a  typical  aerospace  project,  the  DoD  sponsors  a  design  competition  where  two  or 
more  firms  are  funded  to  independently  produce  competing  proposals.  Depending 


4his  paper  is  reprinted  from  William  P.  Rogerson,  "Profit  Regulation  of  Defense  Contractors  and  Prizes 
for  Innovation,”  the  Journal  of  Political  Economy,  Vol.  97,  No.  6,  December  1989,  pp.  1284-1305. 
Copyright  ©  1989  by  The  University  of  Chicago.  Used  by  permission.  A  longer  and  more  detailed  version 
of  this  paper  is  available  as  a  RAND  report,  R-3635-PA&E,  Profit  Regulation  of  Defense  Contractors  and 
Prizes  for  Innovation,  1992. 

^In  a  related  paper,  Lichtenberg  (1988a)  has  directly  attempted  to  estimate  the  amount  of  privately  funded 
R&D  induced  by  military  procurement. 
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on  the  program,  competing  firms  are  sometimes  asked  to  submit  actual  functioning 
prototypes  or  sometimes  are  simply  required  to  submit  detailed  studies.  The  win¬ 
ning  firm  goes  on  to  build  or  adapt  a  production  line^  and  becomes  the  sole  prime 
contractor  for  the  program.  Economies  of  scale  together  with  very  small  production 
runs  render  it  economically  infeasible  to  have  two  or  more  firms  build  fully  function¬ 
ing  production  lines. 

As  part  of  their  design  proposals,  firms  will  typically  be  required  to  bid  on  the  first 
one  to  three  years  of  production.  However,  all  subsequent  purchases  are  negotiated 
by  the  firm  and  the  DoD  on  an  annual  basis.  In  fact,  if  the  winner  is  chosen  at  a  very 
early  stage  of  the  process  based  perhaps  only  on  paper  design  proposals,  the  prices 
for  all  production  runs  may  be  left  to  be  determined  by  subsequent  negotiations. 
Transactions  costs  together  with  constantly  evolving  technologies  and  requirements 
are  thought  to  render  long-term  contracts  infeasible. 

A  complex  set  of  regulations,  often  referred  to  as  profit  policy,  describe  how  the  gov¬ 
ernment  negotiator  should  calculate  a  “fair  price”  in  such  noncompetitive  procure¬ 
ments.  Pricing  is  cost-based,  as  in  public  utility  regulation,  although  the  regulations 
used  in  defense  procurement  differ  in  a  number  of  respects  from  the  rules  used  in 
public  utility  regulation.^  The  regulations  can  be  viewed  as  establishing  an  adminis¬ 
tered  contract  between  the  DoD  and  defense  firms.^  The  administered  contract  is 
that  when  individual  contracts  are  negotiated,  the  DoD's  negotiation  objective  will 
nor  be  to  get  the  absolutely  lowest  price  possible  on  that  individual  contract.  Rather, 
the  DoD's  objective  will  be  to  pay  the  contractor  a  “fair”  price  where  “fair”  is  deter¬ 
mined  by  existing  profit  policy  regulations. 

This  paper  investigates  whether  economic  profit  is  earned  by  the  prime  contractor 
on  work  that  occurs  after  the  winner  of  the  design  contest  is  announced.  This  in¬ 
cludes  work  performed  under  contracts  that  are  signed  the  day  the  winner  is  an¬ 
nounced  as  well  as  all  the  contracts  that  will  be  subsequently  negotiated. 

3.  THEORY 

The  standard  regulated  public  utility  is  engaged  in  a  one-step  process — production. 
The  regulator  attempts  (among  other  things)  to  guarantee  that  the  regulated  firm 
earns  zero  economic  profit  on  this  step.  The  defense  sector  differs  fundamentally 
from  this  standard  paradigm  because  it  is  engaged  in  a  two-step  process — innovation 
and  production.  The  first  step  is  at  least  as  important  as  the  second.  In  fact,  a  basic 
assumption  underlying  current  U.S.  defense  policy  is  that  the  optimal  strategy  in¬ 
volves  having  a  smaller  number  of  more  technically  sophisticated  weapons  than  the 
enemy.  Given  this  strategy,  it  is  critically  important  for  the  United  States  to  maintain 
an  innovative  lead.  Thus,  the  DoD  must  find  some  way  to  induce  defense  contrac¬ 
tors  to  exert  large  amounts  of  effort  directed  toward  generating  the  types  of  innova- 


^This  pre-production  activity  is  called  full-scale  development. 

"^See  Rogerson  (1992a)  for  a  detailed  analysis  of  these  regulations. 

^See  Goldberg  (1976)  for  a  full  discussion  of  the  idea  of  regulation  as  an  administered  contract. 
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tions  that  DoD  would  find  most  useful.  A  good  regulatory  policy  would  still  presum¬ 
ably  attempt  to  guarantee  that  regulated  defense  firms  earn  zero  economic  profit 
overall.  However,  a  priori  there  is  no  reason  to  require  that  firms  earn  zero  profits  on 
each  step.  In  fact,  the  major  theoretical  point  of  this  paper  is  that  there  is  a  very  good 
reason  to  structure  the  regulatory  process  so  that  negative  economic  profit  is  earned 
in  the  innovation  phase  and  positive  profit  is  earned  in  the  production  phase. 

The  theory  is  most  easily  explained  by  segmenting  it  into  four  parts. 

Part  1:  Prizes  for  innovation  are  required. 

The  argument  of  Part  1  is  that  the  DoD  is  unable  to  directly  purchase  the  innovative 
efforts  of  firms.  Therefore,  it  must  indirectly  give  firms  the  incentive  to  provide  this 
effort  by  establishing  rewards  for  successful  innovation.  This  is  true  for  two  reasons. 

First,  there  is  a  moral  hazard  problem.  Since  it  is  difficult  to  monitor  the  level  of  ef¬ 
fort  a  firm  is  exerting,  the  DoD  must  give  firms  an  incentive  to  exert  this  effort  by 
promising  to  reward  successful  innovation  with  prizes. 

However,  even  if  level  of  effort  was  totally  observable,  a  second  factor  would  still  ne¬ 
cessitate  the  use  of  prizes.  This  is  that  firms  are  very  likely  to  possess  private  infor¬ 
mation  about  which  sorts  of  projects  are  more  likely  to  yield  the  kind  of  results  of 
most  value  to  the  DoD.  To  illustrate  this  idea,  suppose  that  exerting  effort  consisted 
only  of  spending  money  and  the  DoD  could  exactly  monitor  the  amount  of  money 
spent.  Furthermore,  assume  that  two  possible  projects  exist  for  a  firm  to  explore — 
projects  A  and  B.  Assume  as  well  that  the  DoD  can  also  monitor  whether  money  is 
spent  on  project  A  or  B.  Therefore,  the  DoD  could  simply  directly  order  the  firm  to 
exert  given  levels  of  effort  on  each  project  and  directly  monitor  that  this  occurred. 
However,  now  suppose  as  well  that  project  A  is  likely  to  produce  high  benefits  to  the 
DoD  but  will  yield  very  few  commercial  spinoffs  for  the  firm.  Project  B  is  the  reverse. 
It  is  likely  to  produce  very  low  benefits  for  the  DoD  but  will  yield  a  number  of  useful 
ideas  that  the  firm  can  use  in  its  commercial  business.  Furthermore,  suppose  that 
because  of  its  greater  technical  expertise,  only  the  firm  is  aware  of  this  fact.  Both 
projects  appear  to  be  similar  to  the  DoD.  If  the  firm  were  simply  hired  to  perform  re¬ 
search  (which  is  possible  by  assumption  because  research  effort  is  directly  moni¬ 
torable)  the  firm  would  have  an  incentive  to  recommend  project  B.  To  give  the  firm 
an  incentive  to  choose  project  A,  the  DoD  must  pay  the  firm  not  according  to  the 
amount  of  effort  it  exerts  but  instead  according  to  the  value  of  the  ideas  produced. 
That  is,  successful  innovations  must  be  rewarded  with  some  sort  of  prize. 

Another  way  of  stating  this  second  point  is  that  an  optimal  research  program  should 
be  somewhat  decentralized  so  that  firms  can  make  decisions  based  upon  their  pri¬ 
vate  information.  However,  when  delegating  some  decisionmaking  to  firms,  the 
DoD  must  simultaneously  provide  firms  with  incentives  to  make  the  decisions  that 
are  best  from  the  DoD  perspective.  Establishing  prizes  for  innovation  accomplishes 
this.  An  example  of  this  is  that  companies  will  often  fund  prototypes  or  at  least  initial 
research  efforts  for  a  particular  system  that  they  believe  has  great  potential  even  if  no 
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one  in  DoD  at  that  time  yet  agrees.®  Thus,  when  there  are  prizes  for  successful 
innovation,  firms  have  an  incentive  to  use  their  own  funds  if  necessary  to  pursue 
research  projects  that  they  strongly  believe  will  eventually  yield  results  of  great  value 
to  the  DoD. 

Part  2:  A  regulatory  structure  that  directly  provides  larger  prizes  for  higher- quality 
innovations  is  not  possible. 

The  argument  of  Part  1  does  not  by  itself  establish  the  regulatory  principle  that  de¬ 
fense  firms  should  earn  positive  profits  on  production  contracts.  In  principle,  gov¬ 
ernment  could  commit  to  R&D  incentive  contracts  of  the  form  w{x)  where  x  e  X,  X  is 
the  space  of  all  possible  innovations,  and  w[x)  is  the  wage  the  contractor  will  receive 
if  innovation  x  results.  Then,  production  contracts  could  be  priced  to  yield  zero  eco¬ 
nomic  profit  and  the  payment  of  higher  wages  to  more  valuable  innovations  would 
provide  the  incentive  for  innovation.  Furthermore,  wix)  could  be  chosen  so  firms 
were  just  willing  to  perform  the  R&D  and  thus  earned  zero  economic  profit  in  the 
R&D  phase  as  well. 

However,  it  is  clear  that  the  transactions  costs  of  writing  out  a  legally  enforceable 
objectively  verifiable  contract  describing  all  possible  innovations  and  the  price  that 
would  be  paid  for  each  one  would  be  prohibitively  costly  if  not  impossible  for  all  but 
the  most  trivially  simple  R&D  projects.  Some  R&D  occurs  within  well-defined  pro¬ 
grams  with  fairly  well-defined  objectives.  Even  in  these  cases,  it  seems  unlikely  that 
DoD  could  provide  a  legally  enforceable  contract  covering  all  possible  design  im¬ 
provements.  However,  a  large  fraction  of  firms'  R&D  is  directed  toward  identifying 
more  basic  new  ideas  and  concepts  for  weapons  development.  As  explained  in  Part 
1,  the  R&D  process  is  somewhat  decentralized  to  allow  firms  to  use  their  own  private 
information  in  deciding  which  avenues  of  R&D  to  explore.  To  sign  a  legally  enforce¬ 
able  contract  directly  rewarding  the  results  of  this  more  far-ranging  basic  R&D  would 
literally  require  government  to  list  the  possible  universe  of  innovations  and  the  prize 
attached  to  each  one.  This  is  obviously  impossible. 

One  other  option  would  be  for  government  to  simply  announce  that  it  would  evalu¬ 
ate  the  quality  of  each  new  innovation  and  award  a  prize  based  on  the  evaluated 
quality.  One  might  imagine  creation  of  a  '"DoD  prize  panel,”  which  annually  as¬ 
sessed  the  results  of  all  firms'  efforts  and  awarded  prizes  accordingly.  Such  a  scheme 
would  probably  be  totally  infeasible  because  of  the  subjectivity  of  any  such  evalua¬ 
tion.  Firms  might  all  claim  that  their  research  was  unfairly  evaluated  and  one  could 
imagine  endless  congressional  investigations  into  such  a  scheme.  (It  might  also  be 
politically  difficult  to  award  large  prizes.) 

Part  3:  Contracts  that  provide  economic  profit  on  production  contracts  will  provide 
prizes  that  are  correlated  with  the  importance  of  the  innovation. 

The  obvious  objectively  verifiable  signal  of  whether  a  firm  has  created  a  successful 
new  weapon  design  is  whether  the  DoD  chooses  to  purchase  it.  Thus,  a  regulatory 


®For  example,  a  number  of  prototype  predecessors  of  the  F-16  and  AH-64  were  privately  funded  by  firms. 
See  Smith  et  al.  (1981),  pp.  84  and  155-158. 


Profit  Regulation  of  Defense  Contractors  and  Prizes  for  Innovation  51 


system  could  create  prizes  for  innovation  by  guaranteeing  that  any  firm  that  be¬ 
comes  a  prime  contractor  on  a  new  weapon  system  will  earn  positive  economic 
profit  on  the  production  contracts  for  the  weapon  system.  In  such  a  system,  firms 
that  can  successfully  generate  ideas  good  enough  to  be  adopted  by  the  government 
would  receive  prizes  in  the  form  of  economic  profit  on  the  production  phase  of  the 
system. 

Furthermore,  if  profit  is  awarded  approximately  as  a  percentage  of  cost  (i.e.,  the 
profit  earned  on  a  system  doubles  if  the  system  is  twice  as  expensive),  this  might  in  a 
very  rough  sense  also  tend  to  award  larger  prizes  for  better  innovations  for  two  rea¬ 
sons.  First,  systems  that  prove  to  be  useful  will  be  purchased  in  larger  quantities. 
Second,  there  is  probably  some  sense  in  which  a  $30  billion  project  is  more  impor¬ 
tant  to  government  than  a  $30  million  project. 

Finally,  note  that  it  is  important  that  any  regulatory  system  provide  the  firm  with  in¬ 
centives  to  devote  effort  to  innovation  even  after  it  is  selected  as  the  prime  contrac¬ 
tor.  This  is  for  two  reasons.  First,  since  the  prime  is  typically  chosen  before  full-scale 
development,  it  must  often  perform  significant  development  work  before  com¬ 
mencement  of  production.  Second,  constant  upgrading  of  systems  that  are  in  pro¬ 
duction  is  a  very  important  part  of  the  overall  innovative  effort  in  defense  procure¬ 
ment.  A  regulatory  system  that  provides  economic  profit  approximately  equal  to  a 
percentage  of  cost  provides  incentives  for  both  types  of  effort.  During  full-scale  de¬ 
velopment,  the  lure  of  positive  economic  profit  on  production  contracts  will  provide 
the  firm  with  an  incentive  to  exert  effort  toward  ensuring  the  success  of  the  project. 
During  production,  a  firm  that  succeeds  in  improving  the  system  will  guarantee 
more  sales  and  thus  more  profit. 

Thus,  the  existence  of  an  explicit  design  competition  between  two  or  more  firms  is 
not  essential  for  economic  profit  to  create  incentives  for  innovation.  What  is  essen¬ 
tial  is  that  the  firm  perceive  that  its  chances  of  being  awarded  production  contracts 
will  increase  if  it  exerts  more  innovative  effort.  An  explicit  design  competition  in 
which  only  one  winner  will  be  chosen  clearly  does  this.  However,  even  after  the 
prime  is  chosen  for  a  system,  the  program  continues  to  compete  for  funding  with 
other  programs  and  thus  the  incentives  to  innovate  still  persist,  though  possibly  at  a 
reduced  level. 

Part  4:  A  rent-seeking  model  describes  the  equilibrium  response  of  innovation  and 
overall  profit  to  prize  levels. 

In  a  rent-seeking  model  of  the  sort  originally  analyzed  by  Tullock  (1967),  firms  spend 
money  attempting  to  win  a  prize.  Even  over  a  time  horizon  where  entry  and  exit  are 
impossible,  increasing  the  prize  level  by  one  dollar  will  not  simply  cause  firms’  prof¬ 
its  to  increase  by  one  dollar.  Rather,  some  fraction  of  the  dollar  will  be  channeled 
into  increased  expenditures  devoted  to  attempting  to  win  the  prize.  Over  a  time 
horizon  where  entry  and  exit  are  possible,  changing  the  prize  level  has  no  effect  at  all 
on  profits.  When  the  prize  level  is  increased  by  one  dollar,  existing  firms  will  have  an 
incentive  to  spend  more  money  attempting  to  win  the  now  larger  prize.  If  the  in¬ 
crease  in  their  expenditures  is  less  than  one  dollar,  then  they  will  be  earning  positive 
expected  profits  and  more  firms  will  enter.  The  new  entrants  will  also  spend  money 
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attempting  to  win  the  prize.  Entry  will  occur  until  aggregate  rent-seeking  expendi¬ 
tures  equal  the  size  of  the  prize  and  firms  are  earning  zero  expected  profits  overall.^ 

This  rent-seeking  formulation  clearly  applies  to  the  regulatory  structure  in  defense 
procurement.  The  existence  of  prizes  or  economic  profit  in  the  production  phase  of 
weapon  programs  induces  firms  to  spend  their  own  money  attempting  to  win  the 
right  to  produce  weapon  systems.  Innovation  and  congressional  and  executive 
branch  lobbying  are  probably  the  two  primary  forms  of  rent-seeking  activities  avail¬ 
able  to  defense  firms. 

4.  IMPLICATIONS  FOR  REGULATORY  POLICY 

The  purpose  of  this  section  is  to  outline  a  number  of  implications  that  this  theory  has 
for  how  procurement  policy  should  be  optimally  structured.  It  does  not  attempt  to 
completely  and  formally  explore  all  the  implications  of  this  theory  for  regulatory 
policy.  Such  an  analysis  would  require  a  detailed  description  and  consideration  of 
the  current  rules  for  determining  prices,  which  is  beyond  the  scope  of  this  paper. 
Rather,  it  simply  attempts  to  show  that  the  idea  of /'prizes  for  innovation”  is  an  ex¬ 
tremely  useful  organizing  principle  when  thinking  about  regulatory  issues  in  defense 
contracting. 

Implication  1:  An  important  function  of  profit  policy  is  to  control  the  rate  of 
innovation. 

An  ongoing  and  seemingly  never-ending  debate  in  policymaking  circles  in 
Washington  concerns  whether  defense  profits  are  too  high  or  too  low  and  whether 
price  levels  allowed  under  profit  policy  should  therefore  be  adjusted  to  correct  this 
problem.  Every  few  years  Congress  (usually  through  the  GAO)  or  the  DoD  produces 
a  new  calculation  of  accounting  rates  of  return  and  the  debate  begins  anew.®  The 
debate  over  whether  price  levels  should  be  raised  or  lowered  then  focuses  on  the 
problems  with  using  accounting-based  numbers  and  over  what  a  “fair”  profit  rate 
should  be.  However,  the  implicit  assumption,  which  all  sides  in  the  debate  seem  to 
agree  with,  is  that  the  only  effect  of  raising  (lowering)  allowed  profit  levels  on  pro¬ 
duction  by  some  amount  would  be  to  raise  (lower)  firms’  overall  profit  levels  by  the 
same  amount  and  possibly  induce  some  entry  or  exit.  Since  profit  policy  is  seen 
simply  as  a  tool  for  regulating  firms’  overall  profit  levels,  the  entire  debate  thus  fo¬ 
cuses  on  whether  overall  profits  appear  too  high  or  too  low. 

If  this  paper’s  theory  is  correct,  an  important  function  of  profit  policy  may  be  to  regu¬ 
late  the  level  of  innovative  activity  in  the  defense  sector.  Therefore,  an  important  fo¬ 
cus  of  the  debate  should  be  whether  an  adequate  level  of  innovation  currently  exists 
or  not.  Even  if  entry  and  exit  into  the  defense  sector  were  impossible,  a  share  of  any 
increase  in  profit  levels  earned  on  production  contracts  will  be  transformed  into  in¬ 
creased  innovative  activity.  If  entry  and  exit  are  possible,  long-run  profits  will  neces¬ 
sarily  be  zero.  Thus,  profit  policy  has  no  effect  at  all  on  long-run  profits.  Rather,  the 


^See  Rogerson  (1992b)  for  a  formal  rent-seeking  model  that  illustrates  these  points. 

®The  most  recent  studies  are  Comptroller  General  of  the  United  States  (1986)  and  DoD  (1985). 
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only  long-run  effect  of  profit  policy  is  to  determine  the  level  of  rent-seeking  expendi¬ 
tures.^ 

Implication  2:  The  correct  regulatory  principle  may  be  to  set  price  equal  to  full  cost 
plus  a  percentage  of  full  cost  where  "full  cost”  means  operating  cost 
plus  capital  cost. 

The  first  feature  of  such  a  rule  is  that  the  prize  is  bigger  for  projects  that  involve 
greater  expense.  This  might  be  thought  to  roughly  insure  that  firms  producing  more 
useful  innovations  will  receive  larger  prizes  for  the  reasons  discussed  in  Part  3  of 
Section  3.  The  second  desirable  feature  is  that  the  firm  has  no  incentive  to  distort  its 
mix  of  capital  and  noncapital  expenditures  away  from  the  minimum  cost  ratio.  This 
is  because  the  rule  provides  an  equal  profit  for  the  firm  regardless  of  whether  the  firm 
spends  it  on  operating  costs  or  capital  costs. 

Implication  3:  There  may  be  a  tradeoff  between  encouraging  innovation  and  en¬ 
couraging  productive  efficiency. 

The  proposed  rule  in  Implication  2  has  the  property  that  firms  incurring  higher  costs 
will  also  earn  higher  profits.  This  clearly  gives  firms  the  incentive  to  attempt  to 
maximize  production  cost  once  they  have  been  selected  to  produce  a  system.  Thus, 
the  most  natural  method  of  implementing  a  prize  system  may  also,  unfortunately, 
create  disincentives  for  firms  to  minimize  production  cost.  The  question  of  how  to 
design  pricing  rules  that  simultaneously  attempt  to  deal  with  the  problems  of  creat¬ 
ing  prizes  for  innovation  and  incentives  to  minimize  production  cost  is  clearly  an 
important  topic  for  future  research. 

Implication  4:  Policies  such  as  dual  sourcing,  which  reduce  economic  profit  on  pro¬ 
duction  contracts,  may  reduce  innovation. 

Implication  5:  The  current  regulatory  system  encourages  vertical  integration  of  in¬ 
novation  and  production. 

It  is  clear  that  firms  that  design  new  weapons  will  have  an  incentive  to  integrate 
downstream  into  production  if  the  rewards  for  excellent  designs  are  in  the  form  of 
profits  on  production  contracts.  Thus,  the  vertical  integration  of  the  R&D  and  pro¬ 
duction  functions  in  the  United  States  defense  industry  may  be  due  to  the  regulatory 
structure  rather  than  to  any  natural  economic  advantage  of  performing  both  func¬ 
tions  within  the  same  firm.  Alexander  (1973)  suggests,  for  example,  that  Lockheed's 
research  and  production  are  quite  separately  organized.  He  also  states  that  design 
and  production  are  separately  organized  in  the  former  USSR  and  that  large  prizes  are 
directly  paid  to  successful  designers. 


^Of  course,  if  entry  lags  are  large,  it  may  be  that  profit  policy  has  fairly  long-lasting  effects  on  profit  levels 
as  well  as  innovation  and  that  both  effects  need  to  be  considered.  The  point  of  this  paper  is  that  the  role  of 
profit  in  creating  incentives  for  innovation  should  certainly  be  one  of  the  factors  explicitiy  considered 
when  evaluating  possible  changes  to  profit  policy. 

l^See  Bailey  (1973). 

^^See  Anton  and  Yao  (1990),  and  Riordan  and  Sappington  (1989)  for  theoretical  models  of  dual  sourcing. 
^^See  pp.  9-10. 
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Implication  6:  Different  pricing  rules  may  be  appropriate  for  different  sectors  of  the 
defense  industry. 

Current  profit  policy  rules  are  intended  to  apply  uniformly  to  all  defense  contracts. 
However,  the  need  and  importance  of  innovation  clearly  varies  among  sectors  in  the 
defense  industry.  This  suggests  that  pricing  rules  should  vary  from  sector  to  sector 
depending  on  how  much  innovative  activity  is  required.  In  particular,  pricing  rules 
for  more  standard  products  should  provide  less  economic  profit. 

Implication  7:  It  could  be  difficult  to  provide  adequate  prizes  if  the  defense  sector 
was  publicly  owned. 

It  is  periodically  suggested  that  the  defense  sector  should  be  nationalized.  The 
theory  of  this  paper  suggests  a  possible  problem  with  this  idea.  Namely,  it  is  proba¬ 
bly  difficult  to  award  large  prizes  to  executives  of  nationalized  companies. 

Implication  8:  The  role  of  the  IR&D  program. 

The  DoD  encourages  firms  to  spend  money  on  innovation  not  only  by  creating  prizes 
but  also  by  directly  subsidizing  this  activity.  Through  the  IR&D  program,  the  DoD 
pays  for  an  agreed-upon  fraction  of  defense  firms'  expenditures  on  independently 
chosen  and  conducted  research  programs. The  theory  of  this  paper  suggests  two 
possible  reasons  why  this  extra  policy  may  be  useful. 

First,  as  explained  in  Section  3,  a  problem  with  the  policy  of  inducing  innovation 
through  prizes  is  that  it  tends  to  cause  other  less-desirable  forms  of  rent-seeking  be¬ 
havior  in  addition  to  innovation.  Thus,  it  would  be  desirable  to  attempt  to  create  a 
policy  that  channelled  more  of  the  rent-seeking  behavior  toward  innovation.  The 
obvious  method  for  doing  this  is  to  subsidize  expenditures  on  innovation  and  tax  ex¬ 
penditures  on  other  rent-seeking  activities  such  as  lobbying.  The  IR&D  program  ac¬ 
complishes  the  former  objective.  The  latter  objective  is  accomplished  to  some  extent 
by  regulations  that  make  lobbying  expenditures  unallowable  for  purposes  of  costing 
defense  contracts. 

Second,  compared  to  private  industries  where  innovation  is  important,  such  as  the 
pharmaceutical  industry,  the  prize  levels  in  defense  probably  do  not  vary  as  much 
with  the  quality  of  the  innovation.  A  firm  producing  an  extremely  useful  new  drug 
may  earn  profit  margins  of  well  over  100  percent.  However,  for  reasons  outlined  in 
Section  3,  defense  firms  earn  relatively  constant  profit  margins  regardless  of  the 
value  of  their  innovation.  This  suggests  that  it  may  be  the  case  that  defense  firms  do 
not  have  adequate  incentives  to  devote  sufficient  resources  to  researching  the  abso¬ 
lutely  most  important  programs  to  the  DoD.  Subsidizing  research  in  these  most  im¬ 
portant  areas  may  substitute  for  extremely  large  prizes. 


^^See,  for  example,  Galbraith  (1969). 

^"^See  Lichtenberg  (1988b)  for  further  discussion  of  the  IR&D  program. 
^^See  Rogerson  (1992a)  for  a  more  detailed  discussion  of  unallowable  costs. 
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5.  ESTIMATION  THEORY 

This  paper  uses  stock  market  data  to  estimate  the  size  of  the  prize  that  firms  were 
competing  for.  The  basic  idea  is  to  calculate  the  stock  market  value  of  firms  compet¬ 
ing  for  a  prime  contract  award  a  few  days  before  it  was  announced  which  firm  won 
and  a  few  days  after  it  was  announced  which  firm  won.  Suppose  there  was  no  prize, 
i.e.,  the  winner  was  expected  to  earn  zero  economic  profit  on  the  production  con¬ 
tracts.  Then  the  stock  market  value  of  the  firms  should  not  have  been  affected  by  the 
announcement.  However,  if  the  winning  firm  was  expected  to  earn  positive  eco¬ 
nomic  profit,  its  market  value  should  have  risen  and  the  losers'  should  have  fallen. 
Furthermore,  the  size  of  the  changes  in  market  value  should  be  related  to  the  size  of 
the  prize.  The  purpose  of  this  section  is  to  carefully  outline  a  theory  that  describes 
the  relationship  between  the  observed  changes  in  market  value  and  the  unobserved 
size  of  the  prize.  The  theory  will  allow  one  to  calculate  the  size  of  the  prize  associated 
with  a  given  contest  based  on  observation  of  the  changes  in  market  value. 

A  simple  formal  model  of  how  the  prize  level  and  the  contestants'  probabilities  of 
winning  determine  observed  changes  in  market  values  will  now  be  described.  Since 
all  the  proofs  are  relatively  straightforward  they  will  not  be  included.  Proofs  are 
contained  in  Rogerson  (1992b).  The  following  notation  will  be  used: 

K  The  dollar  value  of  the  prize  that  firms  are  competing  for.^® 

n  The  number  of  firms  competing. 

cf  The  probability  as  evaluated  by  the  market  that  no  firm  will  win  and  that 

the  project  will  be  cancelled. 

Pi  The  market's  evaluation  of  the  probability  that  firm  z  will  win  the  contest 

conditional  on  the  project  not  being  cancelled.  Thus,  each  pi  is  between 
zero  and  one  and  the  pfs  sum  to  one. 
p  The  vector  of  probabilities,  (pi, . . . ,  pn)- 

p*  The  vector  of  probabilities,  (1/zz, ... ,  1/n), 

Vi  The  change  in  the  market  value  of  firm  i  on  the  day  the  winner  is 

announced. 

Vw  The  change  in  the  market  value  of  the  winner. 

Vl  The  sum  of  the  change  in  the  market  value  of  the  losers. 

W  The  index  number  of  the  winning  firm. 

E{e/  p,q)  The  expectation  operator  given  p  and  q  conditional  on  the  project  not 
being  cancelled. 

It  will  be  assumed  that  investors  are  risk-neutral  with  respect  to  the  risk  of  which  (if 
any)  firm  will  win  the  contract.  This  seems  reasonable,  since  the  contest  risk  is 
clearly  idiosyncratic  and  thus  diversifiable. 

^^The  theory  does  not  change  if  the  possibility  that  different  firms  will  receive  different  sized  prizes  is 
allowed  for.  It  can  be  assumed  that  each  firm  i  will  receive  a  prize  Jt/  if  it  wins,  where  the  tc/  are 
determined  before  the  contest  as  independent  draws  from  a  distribution  with  mean  n  and  the  same 
formulas  still  apply. 
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An  estimator  of  n  is  simply  a  real-valued  function  that  maps  the  directly  observable 
variables  into  an  estimate  of  k  .  Formally,  an  estimator  is  therefore  a  function  of 
(V], . . . ,  V^)  and  W,  Let  e  ( Vj, . . . ,  W)  denote  an  estimator,  A  good  estimator  is 
unbiased  in  the  sense  that  it  will  on  average  estimate  the  size  of  the  prize  correctly.  If 
an  estimator  is  conservative  in  the  sense  that  it  tends  to  underestimate  the  size  of  n , 
this  will  also  be  useful,  since  a  conservative  estimator  will  establish  a  lower  bound  for 

71. 

Definition:  The  estimator  e  is  unbiased  (conservative)  given  p  and  q  if  Eq.  (5.3)  [Eq. 
(5.2)]  holds. 


EieiVi, . . 

..,Vfi,W)l  p,q)  =  71 . 

(5.1) 

E(eiVi, . . 

.,Vn,W)l  p,q)  <  n . 

(5.2) 

Finally  recall  that  p  and  q  are  not  directly  observable.  Therefore,  it  will  be  important 
to  attempt  to  establish  that  an  estimator  is  unbiased  or  conservative  independent  of 
p  and/or  q.  Such  estimators  will  be  called  uniformly  unbiased  or  uniformly  conser¬ 
vative. 

Definition:  An  estimator  e  is 

uniformly  unbiased  [conservative]  over  p  given  q  Eq.  (5.1)  [Eq.  (5.2)]  holds  for 

every  p 

uniformly  unbiased  [conservative]  over  q  given  p  if  Eq.  (5.1)  [Eq.  (5.2)]  holds  for 

every  q 

uniformly  unbiased  [conservative]  over  p  and  q  Eq.  (5.1)  [Eq.  (5.2)]  holds  for 

every  p  and  q. 

Consider  the  situation  on  the  day  before  the  prize  is  awarded.  Firm  i  has  a  (1  -  q)pi 
probability  of  winning  the  prize  n .  Thus,  its  market  value  is  (1  -q]piK  higher  than  it 
otherwise  would  be.^^  All  the  losing  firms'  values  will  drop  back  down  to  zero  above 
what  they  otherwise  would  be.  This  proves  the  following  proposition. 

Proposition!:  Suppose  firm  7  wins.  Then 


Ul-pjQ.-q)K  i=j 

j.  (5.3) 

An  immediate  corollary  of  this  is  the  following. 

Corollary  1:  No  matter  which  firms  wins, 


Vw+  Vl  =  cIt^- 


(5.4) 


"otherwise  would  be”  is  meant  the  market  value  the  firm  would  exhibit  if  it  was  not  involved  in  the 
contest. 
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Therefore, 

(i)  >-Viifq>0, 

(ii)  Vw=-Viifq  =  0. 


There  is  a  very  natural  intuitive  explanation  for  Corollary  1.  When  ^7  =  0,  an  an¬ 
nouncement  that  a  particular  firm  has  won  produces  no  news  from  the  standpoint  of 
the  value  of  all  n  firms.  It  was  already  known  that  one  of  the  n  firms  would  win  and 
this  was  incorporated  into  the  market's  estimate  of  the  aggregate  value  of  the  firms. 
However,  when  ^7  >  0,  there  is  a  chance  that  no  firm  will  win  and  the  project  will  be 
cancelled.  Thus,  an  announcement  that  a  particular  firm  has  won  produces  new  in¬ 
formation  from  the  standpoint  of  all  n  firms.  The  project  will  not  be  cancelled  and 
one  of  the  firms  will  receive  n .  Thus  the  aggregate  value  of  all  firms  should  increase 
from  {I  -  q )  n  to  n  above  what  it  otherwise  would  be,  or  equivalently,  VV  + 
should  equal  qn. 

The  next  step  in  determining  a  useful  estimator  of  k  is  to  calculate  the  expected 
value  of  Vp^and -Vi.  This  is  done  in  Proposition  2. 

Proposition  2: 


fjq)  - 


i=l 


\n  +  qn. 


(5.5) 


E{-VL/p,q)  = 


(5.6) 


A  useful  estimator  of  n  can  now  be  constructed.  Let  k{p)  denote  the  function 

kip)  =  - - (5.7) 

^PiO--Pi) 

i=l 

Then,  define  a  class  of  estimators  e^as  follows: 

ep=Vw+VL~kip)VL^  (5.8) 

Proposition  3  describes  its  desirable  property. 

Proposition  3:  ep  is  uniformly  unbiased  over  q  given  p. 

Note  that  the  only  difference  between  the  estimators  in  the  ep  class  is  the  size  of  k[p). 
If  k{p)  is  larger,  the  estimator  produces  larger  estimates  of  7c.  From  Eq.  (5.7),  it 
is  easy  to  see  that  k{p)  can  be  interpreted  as  a  measure  of  the  asymmetry  of  p.  It 
is  minimized  if  p  is  perfectly  symmetric,  i.e.,  p  =  p*.  (Recall  that  p*  is  defined  as 
(1/n, . . . ,  1/ «).)  It  equals  infinity  if  pi  equals  1  for  some  /.  This  suggests  two  possible 
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approaches  for  constructing  plausible  estimates  of  n  given  that  p  cannot  be  directly 
measured.  The  first  would  be  to  use  Cp*  which  always  produces  the  smallest  esti¬ 
mates  within  the  Cp  class.  Proposition  4  shows  that  Bp*  is  in  fact  uniformly  conserva¬ 
tive  over  p  and  q. 

Proposition  4: 

(i)  kiff)  =  . 

n-l 

(ii)  Cp*  is  uniformly  conservative  over  p  and  q. 

One  possible  approach  for  constructing  a  less-conservative,  but  still  plausible  esti¬ 
mator  would  be  to  assume  that  p  was  somewhat  less  symmetric.  A  natural  assump¬ 
tion  to  make  is  that  p  is  drawn  from  a  uniform  distribution,  i.e.,  every  p  is  equally 
likely.  Let  Eie  lu,q)  denote  the  expectation  operator  conditional  on  the  project  not 
being  cancelled  given  that  p  is  distributed  uniformly  and  for  a  given  q. 

Definition:  An  estimator  e  is  said  to  be  unbiased  uniformly  over  q  given  u  if  Eq.  (5.9) 
holds  for  every  q. 


E[e  /  u,q)  -  K . 


(5.9) 


Now  define  the  estimator  e^by 


(5.10) 


where 


Proposition  5  shows  that  e^is  unbiased  in  the  above  sense. 

Proposition  5:^®  The  estimator  is  unbiased  uniformly  over  q  given  u. 

The  theory  developed  in  this  section  has  three  testable  predictions.  These  are  that 
Vy[r>  0,  Vi  <  0,  and  VV-  h  also  provides  a  method  for  testing  if  q  -0.  Finally, 
and  most  importantly,  it  also  provides  two  rules  for  calculating  n  based  on  observed 
values  of  VVand  Vi.  Sections  6  and  7  will  now  consider  data  from  a  number  of  major 
aerospace  contests  to  test  the  predictions,  test  if  ^  =  0,  and  calculate  the  size  of  prizes 
that  were  offered  in  these  contests. 


1ft 

^"The  key  step  in  the  proof  is  showing  the  expected  value  of  pfl-  Pi)  given  that  p  is  uniformly 
distributed  and  is  equal  to  1//c(m).  i  -p 
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6.  ESTIMATION  OF  CHANGES  IN  MARKET  VALUE 

Data  were  gathered  for  twelve  major  aerospace  systems.  The  name  of  the  programs, 
the  date  on  which  a  winner  was  announced,  and  the  identity  of  the  winners  and 
losers  are  presented  in  Table  3.1. 

From  the  CRSP^^  tapes,  daily  percentage  returns  were  created  for  three  firms  or  arth 
ficial  firms  for  each  event.  First,  daily  percentage  returns  for  the  winning  firm  were 
obtained.  For  the  case  of  the  F-18,  a  team  of  two  firms  won.  Thus,  the  artificial  firm 
consisting  of  both  winners  was  created.  For  each  event,  this  first  firm  is  called  the 
WIN  firm.  Second,  daily  percentage  returns  for  the  losing  firm  were  obtained.  When 
there  were  two  losers,  the  percentage  returns  for  the  artificial  firm  consisting  of  both 
losers  was  created.  For  each  event  this  second  firm  is  called  the  LOS  firm.  Finally, 
daily  percentage  returns  for  the  artificial  firm  consisting  of  all  contestants  were 
calculated.  This  third  firm  is  called  the  TOT  firm. 

The  standard  event-study  methodology  was  applied  to  estimate  daily  percentage 
returns  corrected  for  marketwide  movements.  The  daily  returns  for  the  WIN,  LOS, 
and  TOT  firms  are  graphed  in  Figures  3.1  to  3.3.  Daily  returns,  which  are  significant 
at  the  99  percent  level,  are  circled. 


Table  3.1 

Description  of  Events 


Program 

Date 

Winner 

Loser 

F-14 

69/01/15 

Grumman 

McDonnell  Douglas 

S-3 

69/08/01 

Lockheed 

General  Dynamics 

E-3A 

70/07/08 

Boeing 

McDonnell  Douglas 

A-10 

73/01/18 

Fairchild 

Northrop 

F-16 

75/01/13 

General  Dynamics 

Northrop 

UH-60 

76/12/23 

United  Technologies 
(Sikorsky) 

Boeing  (Vertol) 

KC-10 

77/12/19 

McDonnell  Douglas 

Boeing 

A-7 

64/02/11 

LTV 

North  American  Douglas 

C-5A 

65/09/30 

Lockheed 

Boeing,  Douglas 

F-15 

69/12/23 

McDonnell  Douglas 

Fairchild,  Rockwell 

B-1 

70/06/05 

Rockwell 

Boeing,  General  Dynamics 

F-18^ 

75/05/02 

McDonnell  Douglas 
Northrop 

General  Dynamics 

LTV 

^For  the  F-18,  McDonnell  Douglas  and  Northrop  competed  as  a  team  against  the  team  of  General 
Dynamics  and  LTV. 


^^See  Center  for  Research  in  Security  Prices  (1986). 
^%ee  Rogerson  (1992b)  for  details. 


Percent  Percent 


60  Essays  in  the  Economics  of  Procurement 


RANDMR462-3.2 


Day 


Figure  3.2 — Excess  Daily  Returns  for  Losers 
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The  above  data  can  now  be  used  to  investigate  the  last  major  question  that  must  be 
answered  to  calculate  Vw  and  Vi.  This  concerns  which  day  or  days  the  announce¬ 
ment  information  was  incorporated  into  the  price  of  the  stock.  Define  the  “event 
window”  to  be  the  set  of  days  on  which  the  announcement  information  was  incorpo¬ 
rated  into  the  stock  price.  Let  (ji  u)  denote  the  event  window  beginning  on  day  p  and 
running  until  day  n . 

In  theory,  DoD's  formal  announcement  procedure  is  to  hold  a  press  conference  to 
announce  its  decision  on  the  formal  announcement  day  (day  0)  after  the  market  has 
closed  for  the  day.  Thus,  news  from  this  press  conference  should  not  affect  the  mar¬ 
ket  value  of  firms  until  day  1.  In  practice,  information  often  leaks  out  a  day  or  two 
early.  Furthermore,  some  details  of  the  contractual  arrangements  the  winner  has 
agreed  to  are  revealed  a  day  or  two  later.  Thus,  some  general  “turbulence”  in  the  re¬ 
turns  might  be  expected  for  a  few  days  before  and  after  the  announcement  and  the 
correct  procedure  would  be  to  expand  the  event  window  to  include  these  days. 

Figures  3.1  to  3.3  suggest  that  expanding  the  event  window  to  include  two  days 
before  and  after  the  announcement  day  is  sufficient.  Reference  to  Table  3.2,  which 
presents  the  compound  excess  returns  and  associated  t-statistics  for  various  event 
windows,  supports  this.  Thus,  in  the  next  section  it  will  be  assumed  that  the  event 
window  is  (-2,3). 

The  value  of  (Vo  +  Vl)  is  calculated  by  multiplying  the  market  value  of  the 
WIN  (LOS,  TOT)  firm  on  the  day  before  the  event  by  the  compound  percentage 
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Table  3.2 

Excess  Returns  and  t- Statistics  for  Various  Event  Windows 


U 

WIN 

LOS 

TOT 

Excess  Returns 

0 

1 

0.0851 

-0.0601 

0.0057 

-1 

2 

0.0825 

-0.0558 

0.0100 

-2 

3 

0.0656 

-0.0499 

0.0033 

-3 

4 

0.0580 

-0.0390 

0.0081 

-4 

5 

0.0545 

-0.0394 

0.0058 

-5 

6 

0.0582 

-0.0298 

0.0128 

-6 

7 

0.0594 

-0.0276 

0.0165 

-7 

8 

0.0604 

-0.0342 

0.0113 

-8 

9 

0.0548 

-0.0469 

0.0017 

-9 

10 

0.0656 

-0.0452 

0.0089 

-10 

11 

0.0701 

-0.0505 

0.0084 

-11 

12 

0.0647 

-0.0487 

0.0102 

-12 

13 

0.0618 

-0.0547 

0.0064 

-13 

14 

0.0685 

-0.0544 

0.0085 

t-Statistics^ 

0 

1 

9.556 

-8.215 

1.020 

-1 

2 

6.682 

-5.440 

1.328 

-2 

3 

4.527 

-3.868 

0.444 

-3 

4 

3.552 

-2.590 

0.787 

-4 

5 

3.003 

-2.348 

0.490 

-5 

6 

2.856 

-1.505 

0.944 

-6 

7 

2.691 

-1.229 

1.126 

-7 

8 

2.629 

-1.510 

0.799 

-8 

9 

2.340 

-2.027 

0.234 

-9 

10 

2.557 

-1.893 

0.590 

-10 

11 

2.543 

-2.031 

0.532 

-11 

12 

2.296 

-1.882 

0.608 

-12 

13 

2.103 

-2.027 

0.380 

-13 

14 

2.201 

-1.961 

0.463 

\00S  =  2.6. 


return  of  the  WIN  (LOS,  TOT)  firm  over  the  event.  Thus,  one  can  test  v^hether  ( Vi, 
Vw+  Vl)  is  positive,  negative,  or  equal  to  zero  by  testing  whether  the  percentage  re¬ 
turn  of  the  WIN  (LOS,  TOT)  firm  is  positive,  negative,  or  equal  to  zero. 

With  reference  to  Table  3.2,  the  percentage  changes  of  the  WIN,  LOS,  and  TOT  firms 
are  all  strongly  in  accord  with  the  theoretical  predictions  of  the  previous  section. 
First,  the  percentage  change  of  the  WIN  firms  is  significantly  positive  at  the  99  per¬ 
cent  level  in  accord  with  the  prediction  that  IV  is  positive.  Second,  the  percentage 
change  of  the  LOS  firms  is  significantly  negative  at  the  99  percent  level  in  accord  with 
the  prediction  that  Vi  is  negative.  Third,  the  percentage  change  of  the  TOT  firms  is 
positive  but  not  significantly  so.  This  agrees  with  the  prediction  that  IV  +  Vi  is  non¬ 
negative.  Finally,  since  the  percentage  return  of  the  TOT  firms  is  not  significantly 
different  from  zero,  one  cannot  reject  the  null  hypothesis  that  q  equals  zero.2i 


^ ^Although  it  is  not  formally  an  unbiased  estimator,  one  can  rewrite  Eq.  (5.4)  to  obtain  an  estimator  for  q 
ofq=  (\V+  Tables  3.3  and  3.4  will  present,  respectively,  estimates  for  V^and  Vi  and  two  estimates 
for  7t.  Substituting  these  into  the  above  equation  yields  estimates  for  q  of  between  0.004  and  0.005. 
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Table  3.3  presents  the  changes  in  the  market  value  of  the  winners  and  losers  for  the 
event  window  (-2,3). 


7.  ESTIMATION  OF  PRIZES 

Table  3.4  uses  the  estimator  derived  in  Section  5  together  with  the  estimates  of 
changes  in  market  value  derived  in  Section  6  to  calculate  the  size  of  prizes  that  firms 
were  competing  for  in  each  event.  The  values  labelled  tclqw  and  tihigh  are,  respec¬ 
tively,  the  values  of  the  prize  calculated  using  the  lower  (more-conservative)  and 
higher  (less-conservative)  value  of  A:.^^  Thus,  the  estimated  average  prize  over  all 
twelve  contests  is  between  $47  million  and  $67  million. 

The  natural  question  to  ask  is  whether  this  is  “large”  or  not.  Two  methods  to  answer 
this  question  are  available.  The  first  method  is  to  compare  the  prize  to  the  average 
market  value  of  the  competing  firm.  This  is  also  done  in  Table  3.4.  The  row  labelled 


Table  3.3 

Estimated  Change  in  Market  Value  of  Winners  and  Losers 
(in  thousands  of  dollars) 


Event 

% 

F-14 

8574 

27613 

S-3 

22471 

-9146 

E-3A 

8964 

25751 

A-10 

6403 

-13914 

F-16 

13592 

-13013 

UH-60 

44727 

-59619 

KC-10 

23836 

-71616 

A-7 

3484 

9547 

C-5A 

8910 

-56014 

F-15 

42842 

-56589 

B-1 

33128 

-45062 

F-18 

102278 

-54133 

AVG 

26601 

-26350 

Table  3.4 

Average  Value  of  Prizes  Across  All  Twelve  Contests 
(all  dollar  figures  are  in  thousands  of  dollars) 


^LOW 

46,779 

miGH 

66,957 

Mb 

457,249 

JCLOW  a  percentage  of 

10.2% 

tchigH  a  percentage  of 

14.6% 

R 

1,434,245 

TtLOW^s  a  percentage  of  ^ 

3.26% 

^HTGH  a  percentage  of  r 

4.68% 

^^The  prize  was  calculated  for  each  of  the  twelve  contests  separately.  The  average  of  these  twelve 
numbers  is  reported  in  Table  3.4. 
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gives  the  average  market  value  of  the  contestants  on  the  day  before  the  event 
(day  -3).  Then,  the  next  two  rows  give,  respectively,  tclqw  and  tchigh  a  percentage 
of  the  average  firm  value.  Thus,  on  average,  the  estimated  prize  is  between  10.2 
percent  and  14.6  percent  of  the  average  value  of  the  firms  competing  for  it. 

The  second  method  is  to  compare  the  estimated  prize  to  the  expected  discounted 
revenue  stream  that  the  winning  firm  will  receive.  The  rationale  behind  this  method 
requires  a  bit  more  explanation.  Suppose  that  the  winner  will  be  involved  in  produc¬ 
ing  the  weapon  for  T  years.  Let  denote  the  expected  revenue  that  the  winner  will 
receive  in  year  t  of  the  project.  Also  assume  that  the  owners  of  the  firm  use  a  dis¬ 
count  rate  of  r  to  value  these  expected  revenues.  Let  R  denote  the  present  dis¬ 
counted  value  of  revenues  that  the  winning  firm  will  receive.  This  is  defined  by 


Rt 


T 

t=i(l+ry 


(7.1) 


Now  suppose  that  the  firm  expects  to  earn  a  dollars  of  economic  profit  on  every 
dollar  of  revenue  it  receives  (where  a  is  between  0  and  1).  Thus,  a  is  the  economic 
profit  rate  that  DoD  is  in  fact  allowing.  The  value  of  the  prize  to  the  winner,  denoted 
by  71 ,  is  defined  by^^ 


V 


From  Eqs.  (7.1)  and  (7.2),  it  is  clear  that 


(7.2) 


(7.3) 


That  is,  calculating  the  prize  as  a  percentage  of  expected  discounted  revenues  yields 
the  economic  profit  rate  that  firms  expect  to  earn.^^ 

The  value  of  n  has  of  course  been  estimated.  It  remains  to  estimate  R  to  calculate  a. 
This  was  done  by  obtaining  the  DoD’s  estimate  of  the  discounted  expected  cost  of 
each  system  at  the  time  of  award^^  and  correcting  for  two  factors.  These  factors  are 
as  follows.  First,  not  all  of  the  cost  of  a  weapon  system  is  paid  to  the  prime  contrac- 


reality  a  probably  varies  over  the  lifetime  of  the  program.  The  calculation  that  is  presented  below 
can  be  viewed  as  the  average  value  of  a  over  the  life  of  the  program.  In  particular,  note  that  profit 
margins  may  well  be  zero  or  even  negative  in  the  early  years  because  the  firm  purposefully  bid  below  cost 
on  initial  contracts  to  win  the  program  or  because  the  firm  still  spends  some  of  its  own  money  in  full-scale 
development  to  insure  that  the  program  enters  production.  This  means  that  the  value  of  a  on  contracts 
signed  after  the  choice  of  the  prime  may  be  higher  than  the  number  calculated  below. 

^^The  prize  may  in  fact  be  larger  than  the  RHS  of  Eq.  (7.3)  because  part  of  the  value  of  vanning  the  contest 
may  be  that  it  becomes  more  likely  that  future  contests  will  be  won  as  well.  In  this  case,  the  estimator  in 
the  RHS  of  Eq.  (7.4)  may  be  an  overestimate  of  a . 

^^These  were  obtained  from  DoD  documents  called  Selected  Acquisition  Reports  (SAR)  and  the  Wall 
Street  Journal  The  SAR  data  were  reported  in  Dews  et  al.  (1979). 
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tor.  The  cost  includes  money  that  is  directly  paid  to  firms  that  manufacture  some 
major  subcomponents  of  the  system.  One  major  such  item  for  aerospace  projects  is 
the  engine.  The  cost  also  includes  the  value  of  government-supplied  equipment  and 
services.  No  system-by-system  data  on  the  fraction  of  government  cost  that  was  ac¬ 
tually  received  by  the  prime  contractor  as  revenue  could  be  located.  However,  a 
RAND  case  study  of  the  F-16  contained  data  for  the  cost  of  the  F-16  prototype  phase, 
which  showed  that  68  percent  of  government’s  cost  was  paid  to  the  prime  contrac- 
tors.26  The  second  factor  is  that  the  discount  rate  used  by  the  DoD  in  its  cost  esti¬ 
mates  varied  between  6.58  percent  and  6.86  percent.  Discount  rates  used  by  share¬ 
holders  are  likely  to  be  much  higher.  To  correct  for  these  two  factors,  it  was  assumed 
that  R  is  equal  to  34  percent  of  the  DoD  cost  estimate  for  each  system.  This  corre¬ 
sponds  approximately  to  68  percent  of  the  program  cost  being  received  by  the  prime 
and  to  shareholders  using  a  discount  rate  double  that  of  the  DoD,  i.e.,  approximately 
13  percent  or  14  percent. 

The  row  in  Table  3.4  labelled  R  presents  the  average  value  of  R  over  the  twelve  sys¬ 
tems  and  was  calculated  as  described  above.  The  next  two  rows  present  the  estimate 
of  a  using,  respectively,  TtLowand  jchigh-  Thus,  every  dollar  of  revenue  received  by  a 
prime  contractor  on  production  contracts  generates  somewhere  between  3.26  and 
4.68  cents  of  pure  profit. 


^®See  Smith  et  al.  (1981),  p.  114.  Engine  manufacturing  accounted  for  27  percent  of  the  total  cost  and 
government  supplied  equipment  and  services  accounted  for  the  remaining  5  percent. 


_ Chapter  Four 

WHEN  MORE  IS  LESS:  DEFENSE  PROFIT  POLICY  IN  A 

COMPETITIVE  ENVIRONMENT 

_ by  Anthony  G.  Bower  and  Kent  Osband)^ 


1.  INTRODUCTION 

The  Department  of  Defense  (DoD)  takes  two  different  approaches  to  the  assignment 
and  pricing  of  procurement  contracts.  Some  contracts  are  let  competitively,  with 
prices  determined  by  sealed  bids.  Others  are  negotiated  with  sole- source  suppliers, 
using  so-called  ''profit  policy”  as  a  basis  for  price  determination.  Under  profit  policy, 
negotiators  rely  on  past  cost  experience,  as  verified  by  audits,  to  estimate  future  ex¬ 
pected  costs. ^  Target  price  is  intended  to  cover  expected  costs  plus  a  target  fee  or 
"profit”  equal  to  a  percentage  markup  over  expected  cost.  The  markup  varies  by 
composition  of  outlays  and  assessment  of  performance  and  contract-type  risk,  ac¬ 
cording  to  the  rules  set  forth  in  the  "weighted  guidelines.” 

If  actual  costs  deviate  from  expected  costs,  the  supplier  on  a  negotiated  contract  may 
bear  additional  rewards  or  penalties.  A  firm-fixed-price  (FFP)  contract  is  closest  in 
structure  to  a  contract  awarded  by  sealed  bids:  The  supplier  bears  the  entire  burden 
of  cost  overruns  and  pockets  the  entire  savings  from  underruns.  Under  a  cost-plus- 
fixed-fee  (CPFF)  contract,  the  supplier  is  reimbursed  its  actual  costs  plus  the  target 
fee.  Under  cost-plus-incentive-fee  (CPIF)  or  fixed-price-incentive  (FPI)  contracts, 
the  supplier  bears  a  constant  fraction  of  cost  underruns  or  overruns  (subject  to  pos¬ 
sible  cost  floors  or  ceilings). 

For  all  the  legal  distinctions  between  competitively  let  and  negotiated  contracts,  in 
practice  the  two  contractual  approaches  often  overlap.  A  competitively  let  contract 
may  lead  into  a  negotiated  follow-on  contract,  or  vice  versa.  Even  a  single  contract 
may  change  midcourse,  as  for  example,  when  design  or  delivery  changes  on  a  com¬ 
petitively  let  contract  trigger  negotiations  over  fair  payment. 


^This  paper  is  reprinted  from  Anthony  G.  Bower  and  Kent  Osband,  “When  More  Is  Less:  Defense  Profit 
Policy  in  a  Competitive  Environment/’  The  RAND  Journal  of  Economics,  VoL  22,  No,  1,  Spring  1991. 
Copyright  ©  1991  by  RAND.  Used  by  permission.  The  authors  thank  David  Baron,  Dave  McNicol,  John 
Nachbar,  Stefan  Reichelstein,  and  an  anonymous  referee  for  helpful  comments. 

o 

^Contractors  are  also  required  to  submit  cost  estimates  and  to  certify  that  the  estimates  are  not 
intentionally  fraudulent.  The  prospect  of  future  auditing  helps  keep  contractors  from  misreporting  costs, 
but  obviously  there  remains  scope  for  strategic  behavior. 
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The  interaction  between  competition  and  negotiation  is  extremely  complex.  This 
paper  focuses  on  one  particular  model  within  the  broad  theme  of  '‘competition  to  be 
a  regulated  monopolist.”  Our  model  assumes  that  an  initial  contract  is  let  competi¬ 
tively  to  the  low  bidder,  with  common  knowledge  that  the  winner  will  later  receive  a 
single  sole-source  "follow-on”  contract  negotiated  according  to  profit  policy.  Al¬ 
though  stylized,  the  model  is  far  from  irrelevant  to  DoD  practice.  In  1986,  competed 
contracts  accounted  for  57  percent  of  the  $78  billion  procurement  budget,  and  fol¬ 
low-on  contracts  for  23  percent.^  Price  is  rarely  the  sole  consideration  in  contract 
award,  but  obviously  it  is  a  significant  one.  Moreover,  its  importance  appears  to  be 
growing  under  political  and  budgetary  pressures. 

Our  purpose  is  to  study  incentives  within  the  context  of  current  practice  and  deter¬ 
mine  the  optimal  contract  within  that  framework.^  The  analysis  is  not  particularly 
complex  from  a  technical  standpoint,  although  we  do  allow  for  both  private  bidding 
information  (adverse  selection)  and  discretionary  learning  (moral  hazard).  But  the 
results  run  completely  against  the  grain  of  popular  thinking  about  cost-plus,  negoti¬ 
ated  contracts.  To  illustrate  this  claim,  consider  the  following  seemingly  reasonable 
propositions  about  the  model. 

1.  There  is  bound  to  be  substantial  inefficiency  relative  to  the  first-best  full-informa¬ 
tion  outcome. 

2.  Inefficiency  is  greater,  the  greater  the  procurement  "weight”  of  negotiated  con¬ 
tracts  relative  to  competitively  let  contracts. 

3.  Total  expenditures  tend  to  rise  with  the  size  of  the  profit  policy  markup. 

4.  Higher  markups  are  more  lucrative  for  contractors. 

5.  Government  negotiators  can  never  benefit  from  using  biased  cost  estimates. 

Our  analysis  shows  that  each  of  these  propositions  is  false.  The  factor  that  drives  our 
results  is  that  firms  must  bid  for  the  right  to  have  a  profit  policy  contract  later.  The 
fundamental  intuition  is  that  positive  profit  policy  markups  serve  to  encourage  more 
aggressive  bidding.  All  firms  try  to  “buy  in”  to  the  initial  contracts,  and  higher-cost 
producers  try  to  buy  in  more  than  lower-cost  producers  because  they  stand  to  re¬ 
ceive  larger  absolute  profit  margins  if  they  win.  Hence,  expected  excess  profit  mar¬ 
gins  are  shaved,  and  may  drop  to  zero  should  the  markup  become  sufficiently  large. 

The  argument  may  be  rephrased  in  terms  of  "handicapping.”  It  is  well  known  that 
when  abilities  can  be  observed,  the  more  able  competitors  should  be  penalized  rela¬ 
tive  to  the  less  able.  Under  profit  policy,  proportional  markups  differentially  subsi¬ 
dize  the  higher-cost  producers.  The  handicapping  tends  to  be  self-correcting,  except 
for  the  disincentive  by-products  of  the  auditing  procedure  used  to  identify  cost.  Also, 
higher  markups  discourage  feasible  cost  reductions  at  the  competitive  stage  of  the 
project.  To  encourage  cost  reductions,  the  government  should  try  to  write  the  final 


Secretary  of  Defense  (1988). 

^For  the  unrestricted  case  and  a  comparison  of  the  two  models,  see  Bower  (1993). 
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negotiated  contract  as  soon  as  possible  after  the  initial  contract  is  written,  or  alterna- 
tively,  to  base  negotiated  price  on  a  cost  estimate  that  ignores  first-period  learning. 
In  principle,  either  of  these  procedures  can  yield  the  first-best  outcome. 

Both  in  theoretical  formulation  and  in  the  thrust  of  the  analysis,  this  article  is  most 
closely  related  to  work  by  McAfee  and  McMillan  (1986).  Like  us,  McAfee  and  McMil¬ 
lan  model  the  competition  for  government  contracts  in  the  presence  of  moral  hazard 
and  adverse  selection.  Unlike  us,  they  focus  on  the  effect  of  cost-share  parameters  in 
a  one-stage  model.  Auditing  of  costs  occurs  only  at  the  very  end  of  the  procurement 
cycle.  Nevertheless,  they  too  identify  a  handicapping-t5^e  effect.  Indeed,  the  pres¬ 
ent  article  was  inspired  by  the  realization  that  the  reduced  form  of  our  two -stage 
model  resembles  the  McAfee-McMillan  structure. 

Two  articles  by  Laffont  and  Tirole  (1986,  1987)  address  many  of  the  same  themes 
as  McAfee  and  McMillan,  in  a  slightly  different  context.  McAfee  and  McMillan  accept 
for  modelling  purposes  the  institutional  restriction  that  the  cost-share  parameter  is 
fixed  before  bidding.  Laffont  and  Tirole  derive  optimal  contracts  when  this 
restriction  is  dropped.  They  show  that  the  optimal  contract  for  risk-neutral  suppliers 
is  indeed  linear  in  ex  post  cost  but  that  lower-cost  bidders  should  be  induced  to 
accept  higher-cost  shares.^ 

Our  major  purpose  in  studying  this  set  of  contracts  is  twofold:  First,  we  bring  to¬ 
gether  theoretical  contracting  literature  with  actual  DoD  practices.  We  demonstrate 
that  at  least  one  type  of  current  DoD  contract  is  closer  to  the  theoretical  optimal  con¬ 
tract  literature  than  previously  recognized.  This  is  not  to  claim  that  current  DoD 
profit  policy  attains  near- optimality.  DoD  policy  appears  to  be  directed  as  much  to¬ 
ward  regulatory  notions  of  fairness  as  toward  efficiency,  without  a  clear  focus  on  ei¬ 
ther.  But,  in  this  case  at  least,  the  DoD  contract  structure  is  capable  of  attaining 
nearly  optimal  results.  Second,  we  draw  several  policy  recommendations  from  our 
analysis.  Thus,  our  paper  focuses  on  bridging  theory  and  practice  rather  than  on  ex¬ 
tending  the  pure  theory  of  contracts,  although  we  do  derive  several  new  results. 

The  next  section  develops  the  basis  model  without  moral  hazard.  Moral  hazard  is 
added  in  Section  3.  Section  4  concludes. 

2.  THE  MODEL  WITHOUT  MORAL  HAZARD 

Consider  an  industry  composed  of  n  risk- neutral,  profit-maximizing  firms.  Each  firm 
has  a  cost  C,  which  is  drawn  independently  from  a  distribution  F  with  support  [  Qnin» 
Cmaxl*  common  knowledge.  The  firm’s  cost  is  its  private  information  (we  avoid 
subscripting  C by  firm  for  later  notational  convenience).  We  assume  that  the  firms 
have  perfect  information  about  their  costs  before  bidding.®  Each  firm’s  reservation 
value,  or  opportunity  cost,  is  set  at  zero.  The  government  wishes  to  minimize  pro- 


®Rogerson  (1987)  provides  some  insights  into  why  optimal  contracts  take  this  form. 

®See  Riordan  and  Sappington  (1986)  for  a  model  in  which  firms  gather  information  about  their  product 
costs  over  time. 
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curement  expenditures  for  one  unit  of  the  procured  good;  quality  is  assumed  to  be 
set  independently  of  contractors’  bids  and  performance. 

The  game  proceeds  as  follows.  At  time  f  -  0,  firms  bid  via  a  second-price  sealed-bid 
auction  for  an  initial  firm-fixed-price  contract,  which  will  last  until  time  A, .  Although 
a  first-price  auction  is  actually  used  in  practice,  we  use  a  second-price  auction  be¬ 
cause  it  yields  simple,  dominant  strategies  for  the  players.  However,  Myerson  (1981) 
has  shown  that  the  expected  revenues  of  a  first-  and  second-price  auction  are  identi¬ 
cal  if  the  bidders  are  risk  neutral,  their  valuations  are  uncorrelated,  and  the  seller 
(viz.,  the  government)  has  a  valuation  sufficiently  high.  Our  model  satisfies  these 
conditions,  and  hence  we  can  use  a  second-price  auction  without  loss  of  generality. 
After  the  bid  at  t  ~  0,  the  contract  is  awarded  to  the  lowest  bidder  at  the  second- 
lowest  bidder's  bid.  The  winning  firm  produces  the  good  continuously  at  a  rate  of  1 
per  unit  time. 

It  is  common  knowledge  that  at  time  X  a  sole-source  follow-on  contract  lasting  until 
time  1  will  be  issued  to  the  winner  of  the  first  contract.  There  will  probably  be  some 
design  changes  to  the  good;  for  convenience  we  will  assume  that  the  cost  of  the  de¬ 
sign  changes  is  zero.  (In  general,  assumptions  of  a  determinate  second  contract  can 
be  relaxed  without  drastic  effect  on  the  model.)  Price  for  the  second  contract  will  be 
calculated  according  to  profit  policy,  as  estimated  cost  plus  a  proportionate  markup 
m.  Estimated  cost  will  be  based  on  audited  first-period  cost,  so  payment  will  equal 
(1  +  m)  C  per  unit  time.  We  assume  that  the  government  can  audit  costs  perfectly;  we 
loosen  this  restriction  at  the  end  of  Section  3.  As  shown  in  Laffont  and  Tirole  (1986), 
the  generalization  to  uncertain  costs  or  a  noisy  monitor  can  be  made  easily.  At  time 
1  the  game  ends.  The  game  is  played  only  once. 

One  may  wonder  why  in  practice  the  government  does  not  simply  write  a  single  con¬ 
tingent  contract  covering  all  project  work  from  time  0  to  1.  There  are  several  reasons 
why  this  does  not  happen.  Full  contingent  contracts  are  difficult  to  write,  especially 
for  military  procurements  subject  to  rapid  changes  in  both  technological  opportuni¬ 
ties  and  assessments  of  need,  which  stochastically  shift  costs.  As  it  is,  major  DoD 
contracts  and  supporting  documents  typically  run  to  thousands  or  tens  of  thousands 
of  pages.  Even  if  contingencies  could  be  spelled  out,  DoD  officials  might  be  unwill¬ 
ing  or  unable  to  commit  to  future  actions  because  of  lack  of  budgetary  authority,  fear 
of  possible  political  repercussions,  or  uncertainty  about  future  DoD  policy. 

An  alternative  view  of  the  model  is  that  the  initial  contract  spans  the  entire  project 
but  that  a  design  change  triggering  negotiation  is  anticipated  at  time  X .  The  old 
contract  for  the  period  ^  to  1  will  in  effect  be  abandoned,  replaced  by  a  contract 
priced  according  to  profit  policy. 

Denote  O  as  the  rth-lowest  cost,  and  thus  O  represents  the  /th-order  statistic  from 
the  cost  distribution  F{Q.  Payments  from  the  government  are  assumed  to  be  made 
at  a  constant  rate.  This  roughly  corresponds  to  government  practice  for  pure  cost- 
plus-type  contracts,  but  not  for  incentive  contracts.  On  the  latter,  a  portion  of  the 
costs,  roughly  80  percent,  is  paid  as  the  project  proceeds  (known  as  progress  pay¬ 
ments),  with  the  remainder  paid  at  project  completion.  This  means  that  the  present 
value  of  markups  on  incentive  contracts  tends  to  decline  with  project  duration.  In 
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particular,  it  is  possible  for  a  nominally  positive  markup  to  yield  a  negative  present 
value  (see  Osband,  1988a).  We  will  avoid  this  issue  by  assuming  that  all  payments  are 
converted  into  constant  payment  streams  of  equivalent  net  present  value.  Costs  are 
assumed  to  be  incurred  at  a  constant  rate. 

Denote  B  as  the  firm’s  bid.  Let  B\  i  =  1, . . . ,  n  be  the  ith-lowest  bid.  The  firm’s  bid  B 
will  be  interpreted  as  a  flow  of  money  at  rate  B  per  unit  time.  Both  firms  and  the  gov¬ 
ernment  discount  at  interest  rate  r,  and  the  government  commits  to  m  before  bid¬ 
ding.  The  winning  firm’s  profit  7t  is 

n  =  -  Qe~^dt+  j^(a+  m)C-  c)e-’'‘dt. 

To  streamline  the  notation,  we  set 

u\  =  \^e~'^^dt=  —(1- 
JO 

and 

W2  =  e'^^dt  -  —{e~^  - 

The  variable  Wy  is  the  present  value  of  receiving  $1  per  unit  time  from  time  0  to  time 
X,  and  W2  is  the  present  value  of  receiving  $1  per  unit  time  from  time  X  to  time  1.  If 
r  0,  and  W2  simply  equal  the  lengths  X  and  1  -  ^  of  the  respective  two  periods. 
Thus,  the  profit  equation  for  the  winning  firm  is  n  =  ~~  Q+  W2 mC,  which  can 

be  rewritten  as 


( 

A 

n  =  u\ 

^  ~ 

1  ^ 

1 - ^  m 

c 

V 

[  u\  J 

y 

Total  government  expenditures  x  are  profits  plus  costs  to  the  firm,  or  x  =  u\]^  + 
w^Q.+  m)C. 

Observe  that  x  is  a  linear  combination  of  the  bid  and  cost  C,  and  thus  this  two-period 
contract  has  been  reduced  to  a  one-period  form,  as  in  McAfee  and  McMillan  (1986). 
McAfee  and  McMillan  assume  a  contract  form  P={1-  a)B  +  aC,  with  the  cost  share 
a  <  1  (i.e,,  the  firm  faces  an  incentive  contract).  In  our  model  this  corresponds  to  the 
condition  11/2(1  +  m)  <Wi-\-  W2,  or  m<  Wilw2>  From  inspection  of  Eq.  (1),  we  can  see 
that  if  m  <  W1IW2,  then  the  firm  faces  an  incentive  contract.  Thus,  at  this  juncture  we 
could  appeal  directly  to  McAfee  and  McMillan,  Theorem  2,  for  our  results.  However, 
to  aid  the  intuition,  it  is  worthwhile  to  proceed  a  bit  further  with  the  analysis  of  the 
bidding  strategies  of  the  firms. 

Our  use  of  a  second-price  auction  facilitates  the  analysis,  because  a  winning  firm's 
profit  on  tbe  contract  is  independent  of  its  bid.  It  follows  that  each  firm  i  has  a 
dominant  strategy  of  bidding  its  true  cost,  or 
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m 


d. 


K  W4  ; 


(2) 


(Substitute  Eq.  (2)  into  Eq.  (1)  to  verify  that  this  is  the  equilibrium.)  The  lowest-cost 
producer  receives  the  contract,  and  it  receives  the  second-lowest  virtual  cost 
[1-  /  ii\)m]d  inpayments. 

From  the  government's  perspective,  the  expected  profit,  ex  ante  (i.e.,  before  any  firm 
knows  its  cost),  of  the  winning  firm  is  E[n]=  [wy-  W2,m)iE{d)--  E{d))y  where, 
again,  and  d  represent  the  first-  and  second-order  statistics  of  F.  Note  that 
profits  decrease  as  a  function  of  m.  This  is  the  key  insight  of  our  model.  In  McAfee- 
McMillan,  this  is  called  the  “bidding  competition”  effect.  Evidently,  the  government 
can  overcome  the  adverse  selection  of  unknown  costs  by  correctly  designing  the 
auction  and  contract.  In  Eq.  (1)  the  term  W2mC  represents  second-contract  profit 
and  is  increasing  in  C.  Thus,  higher-cost  firms  make  more  second-contract  profit 
than  low-cost  firms,  which  offsets  some  of  the  cost  advantage  of  the  low-cost  firm. 
Each  firm  takes  this  into  account  when  bidding  for  the  contract.  Hence,  high-cost 
firms  bid  more  aggressively  with  higher  markups,  which  shaves  the  expected  profits 
of  the  low-cost  firms. 

Define  ni^  -  u\l  Expected  government  expenditures  are 

E{x{m))=  WyEiB^)-^  W2(l+  m)E{d) 

=  WyE{d)+  w^Eid)--  mw2{E)d)-  E{d)),  if  m< 

If  m  =  ,  firms  bear  no  cost  to  produce  the  good,  and  so  all  firms  bid  zero.  In  that 

case,  the  government  cannot  identify  the  lowest-cost  producer  and  pays  in  expecta¬ 
tion  E{x)  =  (U4  -h  u^)E(Q.  Thus,  it  is  optimal  to  impose  some  cost  strictly  greater 
than  zero  on  the  firm.  The  government  minimizes  total  expenditures  by  setting  m  as 
high  as  it  can  (within,  say,  e  of  n/)  while  still  selecting  the  low-cost  firm. 

The  results  are  summarized  in  the  following  proposition.  See  Figure  4.1. 

Proposition  1:  Given  private  information  about  costs  but  no  moral  hazard,  the 
government  can  approximate  arbitrarily  closely  the  first-best  solution  by  setting 
m=  Wyi  w^-  with  e  arbitrarily  small.  The  government  pays  the  lowest-cost  firm 
(slightly  over)  its  cost,  and  the  firm  makes  (almost)  zero  profit. 

Our  result  is  closely  related  to  a  result  on  auctions  by  Riley  (1988).  Riley  examines  a 
pure  “oil-lease”  auction  in  which  a  signal  that  is  correlated  with  the  buyer’s  valuation 
of  the  object,  such  as  the  number  of  barrels  of  oil  obtained  from  the  leased  land,  is 
observable  ex  post.  In  our  model,  the  signal  corresponds  to  audited  cost  and  the 
buyer's  valuation  corresponds  to  the  firm's  initial  cost  C.  Riley  shows  that  seller  rev¬ 
enues  increase  in  the  royalty  rate,  provided  that  buyer  profits  are  monotonic  increas¬ 
ing  in  the  signal.  In  our  model,  the  equivalent  statement  is  that  government 
expenditures  decrease  in  m,  provided  that  profits  decrease  in  C — or,  in  other  words. 
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E[x],  E[k] 


Figure  4.1 — Government  Expenditure  and  Firm  Profit 
(without  moral  hazard) 


provided  m<  ,  The  markup  m  plays  a  similar  role  as  the  royalty  rate.  Note  that 
expected  expenditures  jump  up  at  exactly  the  point  that  monotonicity  of  profit  in 
audited  cost  is  violated. 

It  is  curious  how  a  seemingly  inefficient  cost^based  reimbursement  scheme  can 
provide  a  tool  for  cost  reduction.  The  key  is  the  interaction  with  competition.  Cost- 
based  reimbursement  helps  the  weakest  (highest-cost)  firms  the  most,  yet  it  need  not 
help  them  so  much  that  they  actually  win  the  contract.  The  auction  then  recaptures 
the  excess  profits  fi*om  a  high  markup.  Hence,  pure  auctions  and  pure  cost-plus  con¬ 
tracts  are  outperformed  by  a  hybrid  of  the  two.  McAfee  and  McMillan  and  Laffont 
and  Tirole  both  consider  linear  incentive  schemes  and  find  that  incentive  contracts, 
with  some  cost  sharing  by  the  government,  are  optimal.  Our  result  is  closely  related 
to  theirs,  because  our  markup  m  plays  the  same  role  as  their  “cost-share  parameter”: 
It  provides  a  way  to  reimburse  firms  for  their  costs.  The  result  is  perhaps  more 
striking  in  this  context  because  it  seems  at  first  glance  to  be  counterintuitive.  Of 
course,  by  now  we  hope  to  have  conveyed  the  correct  intuition. 

Another  striking  feature  of  the  model  is  the  “knife-edge”  character  of  the  result.  For 
the  government,  cost  minimization  lies  within  e  of  cost  maximization.  Hence,  if 
there  is  uncertainty  about  the  relative  weights  u\  and  ,  regulators  should  err  on 
the  low  side  rather  than  the  high  in  the  choice  of  m.  As  we  shall  see,  knife-edge  phe- 
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nomena  recede  in  importance  once  cost- reducing  effort  is  introduced  into  the 
model. 

Observe  that  at  the  optimum^  firms  buy  in  to  the  first  contract  with  a  lowball  bid  and 
then  recover  their  outlays  on  the  second  contract  via  a  generous  markup.  If  DoD 
cannot  be  trusted  to  follow  through  on  the  second  contract,  this  is  not  a  viable  solu¬ 
tion. 

Moreover,  even  a  DoD  that  intended  to  implement  optimal  contracts  might  be  pre¬ 
vented  from  doing  so.  The  extreme  variability  of  payment  flows  from  contract  to 
contract  is  almost  bound  to  invite  political  intervention,  as  interest  groups  on  each 
side  try  to  adjust  contract  provisions  in  their  favor.  As  Baron  (1988)  has  shown,  ex 
post  corrective  action  by  lobbies  is  likely  to  reduce  long-run  expected  welfare.  In  our 
model,  as  in  Baron’s,  lobbying  tends  to  be  counterproductive  for  the  lobby  itself.  Re¬ 
strictions  on  maximum  contract  markups — typically  favored  by  public  “watchdog” 
groups — can  serve  to  raise  long-run  expected  profits,  while  floors  on  minimum 
markups — presumably  favored  by  contractors — can  serve  to  remove  profit  entirely. 
These  results  arise  directly  from  our  earlier  counterintuitive  result  that  profit  and 
government  expenditures  are  often  decreasing  in  the  markup. 

3.  THE  MODEL  WITH  MORAL  HAZARD 

We  now  introduce  the  possibility  of  unobservable  cost-reduction  effort  by  the  firm. 
Not  unexpectedly,  profit  policy  will  affect  the  equilibrium  level  of  effort.  High 
markups  will  tend  to  retard  cost  reduction.  Hence,  the  presence  of  moral  hazard  can 
reduce  the  optimal  markup,  as  the  government  trades  off  decreased  information 
rents  to  firms  in  the  bidding  phase  with  increased  realized  cost  reductions  during  the 
production  phase. 

We  will  construe  effort  as  an  investment  in  permanent  improvements  in  production 
technique  (“learning”),  so  that  costs  fall  with  cumulative  effort.  Specifically,  we  will 
assume  that  a  firm  that  exerts  effort  ri^  (r|/  >  0)  over  a  period  dtwiW  lower  its  costs 
permanently  by  r|/  •  dt.  Note  that  this  cost  reduction  is  independent  of  the  firm’s 
cost.  Effort  imposes  a  disutility  on  the  firm  of  \|/(»),  with  the  usual  assumptions  on 
V(*)*  V(0)  =  0,  \|/'  >  0,  and  y"  >  0.  In  particular,  the  marginal  disutility  of  effort  in¬ 
creases  with  effort.  To  ensure  that  the  second-order  condition  for  a  solution  is  satis¬ 
fied,  we  will  need  the  further  assumption  that  \}/"'  >0.^ 

In  this  section  we  will  assume  that  the  firm  has  only  two  opportunities  to  set  effort:  It 
sets  r[i  at  the  start  of  the  first  contract  [t  -  0)  and  ri2  the  start  of  the  second  con¬ 
tract  it-  X).  The  time  path  of  costs  is  as  follows.  From  r  =  0  to  ^  costs  drop  lin¬ 
early  from  to  -  Xr\i,  From  f  =  X  to  t=  I,  costs  drop  steadily  from  -  Xr[i  to 
-  Xrii  -  (1  -  X)r[2-  Total  first-period  cost  Q  to  the  firm  is 

'K 

Q  =  (d  -  rii  d  -  -Uirii ,  (3) 


^This  assumption  is  also  used  in  Laffont  and  Tirole  (1986, 1987). 
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where  Di  =  (!//■)(  u\  -  The  coefficient  represents  the  present  value  of  di¬ 

rect  first-contract  cost  reductions  on  first-period  cost.  The  government  observes  av¬ 
erage  first-period  cost  -  (X/2)iii  and  bases  second-period  revenues  on  it.  Total 
second- period  cost  C2  is 

Q  =  -  'Ha  (f-  (d  -  tiiA,)  -  02^2  •  (4) 

where  t)2  =  (l/r)(ir^  -  A,(l  -  e~^).  The  coefficient  02  represents  the  present 

value  of  direct  second-period  cost  reductions  on  second-period  cost.  Profit  is 

n  =  u\^  -  Q  +  M^(l+  m)(C^  /2)-  Q  -  K^\|/(r|2).  (5) 


Substituting  Eqs.  (3)  and  (4)  into  Eq.  (5)  yields 


71  = 
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U\ 
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- 

1 - ^  m 
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d 

[  ) 

y 

-  u^(l-h  m)qi^/2 


+0)1^1  1)2^2  “  W4¥(fii)-  w^¥(fi2)- 


(6) 


All  terms  of  the  profit  equation  are  measured  in  present  value.  The  first  term  repre¬ 
sents  the  bid  minus  the  cost  incurred  in  the  first  period,  plus  the  second-period 
profits  from  the  profit  policy.  The  second  term  is  the  second-period  revenue  loss 
from  first-period  cost  reduction.  The  third  and  fourth  terms  are  the  first-period  and 
second-period  gains  from  first-period  cost  reduction,  respectively.  The  fifth  term  is 
the  second-period  gain  from  second-period  cost  reduction,  and  the  sixth  and  sev¬ 
enth  terms  are  the  direct  costs  of  first-  and  second-period  effort,  respectively.  The 
firm  controls  r\i  and  ^2  maximizes  profit.  Note  that  the  moral  hazard  terms  are 
linearly  separable  from  the  cost  terms — there  is  no  interaction  between  initial  cost 
and  effort. 

Differentiation  of  Eq.  (6)  with  respect  to  r\f  and  ^2  establishes  that  the  profit- 
maximizing  level  of  effort  r\i  and  r\2  satisfy  xj/'Cfiz)  =  '^2  ^  ^ 


V'(t1i)  =  — +  TO).  (7) 

ii\  2u\ 

Note  that  second-period  effort  is  set  at  the  first-best  level  02/^^  because  the  firm 
gets  to  keep  all  of  its  cost  reductions  in  the  second  period.  In  the  public  utility  litera¬ 
ture,  this  is  known  as  a  ‘‘regulatory  lag”  effect.  First-period  effort  is  distorted  down¬ 
ward  because  of  moral  hazard.  The  firm  faces  the  constraint  that  >  0,  thus 
\l/'(q^  )  >  0.  This  implies  that  for  all  m>  rrP  =  2uj  /  )  + 1,  =  0.  This  must  be 

taken  into  account  in  the  government's  cost-minimization  problem. 

Profits  in  Eq.  (6)  can  be  written  in  a  simpler  form  as 


71:  =  WiJ^  -  {wi~  w^rriid  +  V*  (m), 
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where  V*(m)  is  the  net  gain  from  effort  and  represents  everything  after  the  first  term 
in  Eq.  (6),  with  effort  in  periods  1  and  2  set  optimally,  or 

%  *  *  ♦ 

V  *  [m)  =  -W2,0.  +  m)—r\i  im)  +  (m)  +  (m) 

+-02112  -  im)]-  M^V|/(Tl2). 


Since  V*{m)  does  not  vary  from  firm  to  firm  (here  is  where  the  assumption  of  cost  re¬ 
ductions  being  independent  of  previous  cost  becomes  key),  these  net  gains  get  bid 
away  by  the  firms  and  entirely  captured  by  the  government. 

Lemma:  Given  adverse  selection  with  linearly  separable  moral  hazard,  a  firm  with 
cost  C  will  bid  [1  -  [w^l  ii\)m]C-  V*{m)l  u\.  Profits  are  the  same  as  in  a  pure 
adverse-selection  model;  all  cost-reduction  gains  are  captured  by  the  government. 

However,  the  size  of  those  gains  depends  inversely  on  m,  so  the  government  faces  a 
tradeoff  between  increased  bidding  competition  versus  increased  first-period  cost 
reduction.  To  solve  for  the  optimal  m,  we  start  by  writing  expected  government 
expenditures  as 


E[xim))=  ii\E{^)+  IU2Q.+  mi 


f  1  *  ^ 

=  {u\-  W2, m)E{C^ )-  V*  (m)+  1U2Q.+  m)  E{C^)  —  tii  (m) 

I  2  y 


(8) 


For  now,  assume  that  the  constraints  m<  tr^  and  >  0  do  not  bind.  The  derivation 
of  the  first-order  condition  for  m  is  simplified  by  using  the  envelope  theorem  to  de¬ 
rive 


dV*  (m) 
3m 


--^u^rii  im). 


Taking  the  derivative  of  Eq.  (8)  with  respect  to  m  establishes  that 

E{d ) -  Eid )  =  -~i),+  m)X ,  (9) 

2  dm 

where  m  denotes  the  optimal  markup,  which  is  assumed  to  be  an  interior  stationary 
point.  To  determine  (rfrii)/(rfm),  differentiate  the  equilibrium  condition  (7)  for  rij  to 
obtain 


dr\i  _ 


dm  2u\ 

Combining  Eqs.  (9)  and  (10)  yields  an  implicit  expression  for  m: 


(10) 
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(11) 

It  is  easily  checked  that  a  sufficient  condition  for  the  second-order  condition  to  be 
satisfied  is  \\f"'  >  0.  Equation  (11)  identifies  the  optimal  m  given  that  the  constraints 
do  not  bind.  However,  ifm>  rr^  ^  u\  I  then  firm  profits  will  increase  in  C,  as 
can  be  seen  from  the  inspection  of  the  first  term  of  Eq.  (6).  Thus,  it  is  still  the  case 
that  m  is  constrained  to  be  less  than  ,  Also,  if  m  >  rrP  ^  {2i\)/Q^Wy)  +  1  (i.e.,  the 
first-order  condition  on  first-contract  effort  requires  r|i  <  0  to  be  satisfied),  the  firm 
applies  zero  effort  in  the  first  period.  The  effects  of  the  constraints  are  taken  into  ac¬ 
count  in  the  optimal  profit  policy,  which  is  outlined  in  Proposition  2.  The  proof  in¬ 
volves  straightforward  checking  of  the  constraints  and  is  omitted.  The  three  key 
properties  are  first,  if  >m>  rrP,  then  government  expenditures  are  decreasing  in 
m;  second,  if  rrP  >m>  ^ ,  then  government  expenditures  are  increasing  in  m;  and 
third,  if  m  >  rrP  and  m  >  max  {  ,  /^ },  then  government  expenditures  are  constant 

in  m. 

Proposition  2:  Let  m.^  denote  the  closest  feasible  markup  to  m^that  is  less  than 
17^.  Under  moral  hazard  and  adverse  selection  the  government  minimizes 
expenditures  at 


m} 

if 

m>  minim®,  m^} 

m 

if 

m<  rr^  <  rrP 

m 

if 

m<  rrP  < 

and  x(m)  <  x(,rr^ ) 

m} 

if 

m<  rrP  <  rr^ 

and  x{ir^)<  x(m). 

If  the  interest  rate  is  zero,  then  rrP  =  (2*  A?  /  2)/(^(I~  ^)]  + 1  =  ?i/(l- A,)-i- 1  >  m^and 
Proposition  2  simplifies  to  a  corollary  given  below. 

Corollary:  If  0,  then  the  government  minimizes  expected  expenditures  at 

m*  =  minim,  m.^}.  (12) 

Figures  4.2  and  4.3  illustrate  the  corollary,  which  recalls  similar  results  by  McAfee 
and  McMillan  (1986).  Figure  4.2  shows  an  example  where  m<  rri^  and  Figure  4.3 
shows  the  opposite.  In  Figure  4.2,  government  expenditures  fall  with  m  at  a 
decreasing  rate  down  to  m  and  then  increase,  whereas  profits  drop  linearly  to  zero  at 
m^ .  Again,  the  intuition  is  that  the  firm  earns  profits  only  from  its  information  rents, 
passing  on  all  cost-reduction  gains  (or  lack  of  gains)  to  the  government.  In  the  region 
[  m,  m^],  government  expenditures  rise  even  as  profits  fall,  because  of  the  severe 
moral  hazard  effects.  The  marginal  increase  in  government  outlays  for  firm  profits 
from  lowering  m  is  more  than  offset  by  the  marginal  increase  in  cost  reduction  gains. 
Thus,  in  this  region  the  preferences  of  the  two  parties  regarding  m  coincide,  and  the 
government  decreases  net  outlays  by  stimulating  cost  reduction  and  allowing  some 
profits.  The  government  allows  the  winning  firm  positive  profits  in  equilibrium  to 
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avoid  strong  moral  hazard  effects.  In  Figure  4.3,  the  government  always  gains  more 
from  reducing  profits  than  it  loses  from  withheld  effort,  and  a  corner  solution  is 
obtained. 

To  gain  more  intuition  as  to  when  a  corner  solution  is  obtained,  consider  the  case  of 
r=  0  and  quadratic  disutility  \|/(t|  j)  =  (K/2)  qf .  Then,  from  Eq.  (11), 

m>  E{d)- Eid)> 

-  4^: 

Thus,  if  marginal  losses  to  adverse  selection,  proportional  to  E{C^)-  E{  cM  and  con¬ 
stant  in  m,  are  larger  than  marginal  losses  to  moral  hazard  at  m  =  «/ ,  which  are  in¬ 
creasing  in  m  and  equal  to  A.  /  4i<r  at  m  =:  ,  then  set  m  =  m}  and  drive  firm  profits 

to  (almost)  zero. 

Still  assuming  quadratic  disutility  (vy"  =  K),  a  number  of  comparative-statics  results 
can  be  gleaned  from  inspection  of  Eq.  (11).  The  markup  m  is  increasing  in  the  ex¬ 
pected  size  of  the  pure  information  rents  E(C^)-  Ei  cM-  One  possible  way  to  shrink 
E{C^)  -  E{  )  is  to  increase  the  number  of  capable  firms  bidding.  The  more  firms 
bidding,  the  smaller  the  markup  can  be,  because  competition  is  mitigating  the  in¬ 
formation  rents.  In  principle,  markups  should  be  set  on  a  sector-by-sector  or  even  a 
contract-by-contract  basis,  to  adjust  to  varying  technological  uncertainties,  cost- 
reducing  prospects,  and  industry  competitiveness.  The  trend  of  the  last  quarter  cen¬ 
tury  has  been  exactly  the  opposite:  to  standardize  markup  policy.  This  may  have  ad¬ 
vantages  from  the  perspective  of  internal  government  monitoring  and  avoidance  of 
congressional  oversight,  considerations  that  our  model  ignores.  But  direct  contract¬ 
ing  efficiency  appears  to  be  sacrificed.  Finally,  the  markup  is  directly  proportional  to 
K]  a  high  AT implies  that  changes  in  markups  will  have  smaller  marginal  influence  on 
first-period  effort  . 

Biased  and  imperfect  auditing.  The  model  can  be  generalized  to  allow  for  different 
auditing  procedures  and  for  cost-sharing  on  the  second  contract.  Our  auditing  base¬ 
line  assumed  that  the  government  observes  total  cost  on  the  first  contract  and  uses 
that  as  an  estimate  of  second-contract  cost.  Now  allow  auditors  to  observe  costs  at 
different  times  within  the  first  contract  and  to  use  that  information  to  form  an  esti¬ 
mate  d  -  sA-q^  -  S  of  average  second-contract  cost.  The  parameter  s  represents  the 
proportion  of  first-period  cost  reductions  included  in  the  estimate,  and  S  represents 
a  lump  sum,  possibly  an  a  priori  estimate  of  second-contract  cost.  For  example,  the 
baseline  can  be  expressed  as  s=  1/2,  S  =  0.  If  s  =  1  and  S=  ((1  -  X)/2)  q^,  the  auditor 
will  have  an  unbiased  estimate  of  costs  for  the  second  contract.  Estimates  for  which  s 
is  less  than  1  will  be  called  "lagged”  because  they  are  historical  measures  and  overes¬ 
timate  future  cost,  whereas  estimates  for  which  s  exceeds  1  will  be  called  “leading.” 
We  also  allow  for  the  government  to  bear  a  share  1  -  0  of  second-contract  cost  un¬ 
derruns  or  overruns.  The  parameter  0  is  called  the  (contractor’s)  cost  share,  and  it 
will  be  allowed  to  vary  between  0  and  1.  Our  baseline  case  sets  0  equal  to  1. 

Observe  that  S  has  no  effect  on  choice  of  effort,  firm’s  profit,  or  total  government  ex¬ 
penditures  because  it  is  simply  a  lump-sum  payment  that  does  not  vary  from  firm  to 
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firm.  S  is  completely  bid  away  in  the  auction  in  a  fashion  similar  to  the  efficiency 
gains  V*im).  The  remaining  parameters  s  and  9  change  the  first-order  conditions  for 
effort  to 

V'lhi)  =  ~  + (13a) 

U\  Wy 


and 


v'(Ti2)  =  e— 

W2 


(13b) 


Equation  (11)  for  m  is  replaced  by 


m  =  Eid)]- 

From  inspection  of  Eq.  (13b)  we  see  that  second-contract 
that  second- contract  effort  is  independent  of  5.  Also,  from  Eq.  (13a),  first- contract 
effort  is  decreasing  in  5.  It  follows  that  a  lagged  estimate  (5  <  1)  is  superior  to  an  un¬ 
biased  or  leading  estimate,  since  the  government  reduces  total  outlays  through  stim¬ 
ulated  cost-reduction  effort.  The  optimal  m  increases  as  s  falls,  until  eventually  the 
constraint  m<  rr^  binds.  The  efficiency  loss  from  the  constraint  diminishes  as  5  ap¬ 
proaches  zero. 

In  the  limit,  with  5  =  0  and  6  =  1,  incentives  for  cost-reducing  effort  are  first-best  in 
each  contract,  as  can  be  seen  from  Eqs.  (13a)  and  (13b).  Optimal  effort  is  higher  in 
the  first  contract  than  the  second,  since  all  first-contract  learning  carries  over  to  the 
second  contract  but  not  vice  versa.  When  5  =  0  in  the  limit,  cost  estimates  no  longer 
depend  upon  variables  subject  to  moral  hazard.  Manipulation  of  the  markup 
squeezes  the  information  rents  out  of  the  winner  of  the  auction,  while  the  two  firm- 
fixed-price  contracts  are  independent  and  impose  no  effort  penalty.  We  do  not  claim 
that  such  careful  measurement  is  feasible — in  particular,  for  the  government  to  use  a 
particular  5  in  its  cost  estimation,  it  is  necessary  that  costs  be  observable  at  time  X  s. 
For  small  5  this  will  not  be  feasible.  But  the  result  clearly  illuminates  the  underlying 
logic  of  the  model  and  the  pivotal  role  of  audit  timing.  Results  are  summarized  in  the 
following  proposition. 

Proposition  3:  Efficiency  is  improved  by  using  lagged  estimates  of  second-period 
costs  and  higher  cost  shares.  As  lag  and  cost  share  move  to  s  =  0,  0  =  1,  procurement 
cost  in  the  limit  approaches  the  first-best. 

One  more  generalization  concerns  the  possibility  that  monitoring  is  imperfect.  Sup¬ 
pose  that  audits  measure  first-contract  costs  (at  whatever  time)  plus  additive  random 
disturbances.  The  disturbance  terms  will  enter  as  separate  terms  in  the  firm's  profit 


L  (14) 

effort  increases  with  0  and 
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equation  (Eq.  (6)).  Since  the  firm  is  interested  in  maximizing  expected  profit,  the 
random  disturbance  terms  will  drop  out  Provided  those  disturbances  are  indepen¬ 
dent  of  true  costs,  neither  the  noisiness  of  the  measures  nor  possible  biases  will  affect 
effort  choice  or  expected  overall  payments.  Thus,  if  firms  are  risk  neutral,  then  a  lin¬ 
ear  contract  is  optimal  and  the  Laffont  and  Tirole  (1986)  result  holds  here  as  well.  Of 
course,  for  large  disturbances,  risk  neutrality  may  not  be  a  good  assumption. 

4.  CONCLUSIONS 

Government  expenditures  generally  decrease  in  m  for  small  m,  because  of  bidding 
competition  effects.  The  optimal  markup  m*  is  low  only  when  the  distribution  of 
costs  is  tight  (i.e.,  the  information  on  how  much  it  costs  to  make  the  product  is  very 
good);  there  is  a  low  disutility  of  effort;  and  the  first  contract  is  short. 

Firms  will  buy  in  to  a  contract  with  a  low  bid,  expecting  to  make  up  their  loss  during 
the  cost-plus  stage.  The  higher  the  m,  the  lower  the  bid.  Bids  are  very  sensitive  to  m, 
but  government  expenditures  are  less  sensitive.  Bids  represent  first-period  wealth, 
and  the  size  of  m  has  a  first-order  effect  on  first-period  wealth  as  higher  m  moves 
wealth  from  the  first  period  to  the  second  period;  m  has  only  a  second-order  effect 
on  the  overall  amount  of  wealth  as  it  retards  first-period  effort.  The  effect  m  has  on 
revenue  distribution  over  time  is  particularly  large  on  long-term  contracts,  since  the 
component  of  the  bid  V^l  u\  gets  large  as  Wy  shrinks.  Once  the  correct  economic 
institutional  features  are  in  place,  namely,  the  auction  and  some  sort  of  reimburse¬ 
ment  for  costs,  government  expenditures  appear  to  be  rather  insensitive  to  m  over 
fairly  broad  ranges.  Firms  will  bid  away  excess  second-period  profits  during  the  auc¬ 
tion.  Thus,  in  a  loose  sense,  having  the  feature  of  a  competitive  auction  is  more  im¬ 
portant  than  the  exact  level  of  profit  allowed  in  the  second  period,  because  the 
information-eliciting  auction  provides  the  safety  net  of  competition  to  the  govern¬ 
ment. 

This  model  can  be  extended  in  many  ways.  An  extension  examined  by  Bower  (1993) 
is  to  place  the  model  in  the  general,  optimal-contracting  framework  of  Laffont  and 
Tirole.  In  their  model,  the  cost-share  parameter  is  allowed  to  vary  with  the  bids;  in 
our  model,  m  does  not  depend  upon  the  bid.  Bower  shows  that  the  cost  of  this 
restriction  to  DoD  is  usually  quite  small.  He  also  examines  the  case  of  renegotiation 
at  the  end  of  the  first  period  and  an  extension  to  two  or  more  auditing  periods. 


_ Chapter  Five 

BUY-IN  AND  GOLD  PLATING  UNDER  DEFENSE  PROFIT  POLICY 
_ by  Yeon-Koo  Che^ 


1.  INTRODUCTION 

Two  institutions  distinctively  characterize  the  Department  of  Defense’s  (DoD)’s 
weapon  systems  procurement.  One  is  competitive  source  selection;  the  other  is  a  set 
of  regulations  called  “profit  policy,"  which  covers  noncompetitive,  negotiated  con¬ 
tracts.  Despite  the  fact  that  many  contracts  are  initially  awarded  through  com¬ 
petitive  source  selection,^  eventually  most  become  subject  to  profit  regulation  at  the 
recontracting  stage,  where  the  DoD  frequently  finds  itself  compelled  to  negotiate 
with  an  incumbent  contractor  on  a  sole-source  basis  because  of  the  latter’s  project- 
specific  skills  collected  during  the  initial  contracting  period. 

The  essence  of  profit  policy  is  cost-based  pricing.^  A  rather  complicated  rule,  called 
“weighted  guidelines,”  determines  the  target  profit  as  a  percentage  markup  over  the 
expected  costs.  The  cost  estimates  are  in  turn  calculated  from  the  historical  costs. 

In  this  paper,  I  study  how  this  profit  policy  regulation  affects  the  performance  of  de¬ 
fense  contractors,  especially  in  determination  of  quality  variables.  To  this  end,  I 
adopt  a  stylized  two-period  scenario,  similar  to  that  considered  by  Bower  and 
Osband  (Chapter  Four),  where  a  competitively  let  contract  leads  to  a  sole-source 
follow-on  contract  that  is  regulated  by  profit  policy.  My  model  is  distinct  from  theirs 
in  that  the  first-period  competition  involves  a  nonprice  dimension.  Specifically,  I 
model  it  as  a  two-dimensional  auction,  where  each  firm  bids  on  both  price  and  de¬ 
sign  specification  (hereafter  called  “quality”).  Unlike  the  traditional  approach,  which 


4his  paper  is  related  to  an  article  by  Che  (1993).  This  version  emphasizes  some  of  the  institutional  details 
and  discusses  policy  implications.  Those  interested  in  the  finer  technical  derivations  should  refer  to  that 
article.  This  project  was  initially  started  while  the  author  was  visiting  RAND.  My  deep  gratitude  goes  to 
Kent  Osband  who  suggested  the  idea  and  to  Paul  Milgrom  who  advised  on  my  dissertation  from  which  this 
paper  is  adapted.  The  author  is  also  grateful  to  David  Baron,  Tony  Bower,  Jim  Dertouzos,  Stefan 
Reichelstein,  Mike  Riordan,  Ed  Steinmueller,  and  other  seminar  participants  at  the  RAND  conference, 
Stanford  University,  and  the  University  of  Wisconsin  at  Madison. 

o 

^In  1986,  the  competitively  let  contracts  accounted  for  57  percent  of  total  procurement  (Secretary  of 
Defense,  1988). 

^This  is  in  contrast  to  the  regulation  of  public  utilities  where  profitability  of  a  utility  is  linked  to  capital 
assets  employed.  However,  a  recently  revived  markup  consideration  over  the  facility  capital  in  defense 
procurement  signals  that  profit  policy  is  moving  closer  to  the  rate  of  return  regulation.  For  a  detailed 
description  of  profit  policy,  see  Osband  (1989a)  and  Rogerson  (1992a). 
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assumes  that  competition  is  confined  to  the  price  dimension,  this  approach  reflects 
the  current  practice  adopted  in  many  government  competitive  procurements,  where 
heterogeneous  designs  compete  actively. Che  (1993)  establishes  general  theoretical 
results  about  two-dimensional  auctions,  which  this  paper  will  refer  to.^ 

Absent  the  quality  consideration,  this  model  closely  resembles  those  of  Bower  and 
Osband  (Chapter  Four)  and  McAfee  and  McMillan  (1986).  In  the  similar  setting, 
Bower  and  Osband  (Chapter  Four)  found  that  a  positive  markup  in  the  second- 
period  profit  policy  regulation  can  serve  as  a  discriminatory  bidding  subsidy  in  the 
first-period  auctions  that  favors  a  high-cost  more  than  a  low-cost  firm.  This  bidding 
subsidy  is  desirable  for  the  buyer,  since  it  makes  a  low-cost-type  firm  bid  more 
aggressively  in  the  first-period  competition.  Such  a  “bidding  competition"  effect  can 
be  fully  utilized  by  raising  the  markup  to  the  point  where  effective  cost  differentials 
across  types  approach  zero. 

Adding  a  quality  dimension  in  this  framework  makes  the  effect  of  markup  more 
complex.  When  quality  is  endogenously  determined  as  part  of  the  competitive  pro¬ 
cess,  firms  enjoy  an  additional  strategic  leverage.  Now,  firms  can  dilute  the  bidding 
competition  effect  by  increasing  quality.  Increasing  quality  in  the  bid  not  only  im¬ 
proves  a  firm's  chance  of  winning  but  also  increases  the  regulated  profits  that  the 
firm  would  earn  in  the  second  period  should  it  win  the  competition.  Therefore, 
raising  a  markup  has  an  undesirable  side  effect  of  creating  excessive  design  competi¬ 
tion,  which  results  in  a  quality  distortion.  This  result  is  reminiscent  of  the  “Averch- 
Johnson  effect"  (Averch  and  Johnson,  1962),  which  first  showed  that  rate  of  return 
regulation  leads  to  excessive  capital  for  a  reason  similar  to  one  developed  here.  In 
our  context,  the  Averch-Johnson  distortion  can  arise  as  a  result  of  the  buyer's  effort 
to  elicit  the  bidding  competition  effect. 

A  crucial  assumption  of  the  model  is  that  the  buyer  is  myopic  and  has  limited 
commitment  power  in  the  evaluation  of  bids.  This  assumption  reflects  the  feature 
that  program  managers  have  short  accountability  spans  because  of  frequent  job  ro¬ 
tations  and  turnovers,  while  a  typical  procurement  cycle  spans  a  long  period.^  The 
quality  distortion  disappears  when  the  buyer  myopia/limited-commitment  assump¬ 
tion  is  dropped. 

The  rest  of  the  paper  is  organized  as  follows.  The  model  is  introduced  in  Section  2. 
In  Section  3,  the  effect  of  profit  policy  is  illustrated  in  a  simple  model  where  firms  can 
pick  from  only  two  different  levels  of  quality.  A  more  general  model  is  presented  in 
Section  4,  where  the  Averch-Johnson  effect  is  identified  in  a  competitive  environ¬ 
ment.  A  numerical  example  is  presented  in  Section  5,  and  Section  6  concludes. 


"^The  intensity  of  nonprice  competition  is  indirectly  revealed  by  the  fact  that  evaluation  boards  typically 
assign  more  than  50  percent  of  weight  to  nonprice  factors  (Fox,  1974). 

^The  underlying  contractual  situation  where  a  procurer  designs  a  mechanism  of  determining  quality  (or 
typically  quantity)  and  transfer  payment  in  an  auctioning  environment  has  been  studied  before  in  the 
context  of  optimal  contract  design  (Laffont  and  Tirole,  1987,  McAfee  and  McMillan,  1987,  and  Riordan  and 
Sappington,  1987,  to  name  a  few).  This  paper  is  differentiated  from  this  literature  in  its  focus  on  the 
particular  regulatory  setting. 

^The  average  tenure  of  program  managers  is  two  or  three  years,  while  a  typical  procurement  spans  a 
decade  (Fox,  1988). 
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2.  THE  MODEL 

Following  Bower  and  Osband  (Chapter  Four),  we  consider  a  stylized  procurement 
scenario,  in  which  a  competitively  selected  contractor  comes  under  the  regulatory 
regime  of  profit  policy  at  some  point  of  the  procurement  cycle.  Transition  to  the 
regulatory  regime  can  be  triggered  by  either  program  revision  or  sole-source  repro¬ 
curement. 

Thus,  the  model  has  two  periods:  In  the  first  period,  a  contractor  is  selected  through 
two-dimensional  bidding;  in  the  second  period,  the  firm  receives  profits  on  the  basis 
of  cost-based  pricing.  The  significance  of  each  period  is  weighted  by  X  and  1  -  A. ,  re¬ 
spectively.  This  weight  reflects  the  length  of  each  regime  and  discounting  of  the  sec¬ 
ond  period.  Here  we  simply  interpret  X  as  the  relative  length  of  the  first  period. 

The  first-period  bidding  is  described  as  follows.  A  buyer,  interpreted  as  DoD,  solicits 
bids  from  N{>  2)  firms.  Each  bid  specifies  an  offer  of  instantaneous  quality,  q,  deliv¬ 
ered  for  the  length  of  the  first  period,  and  the  lump-sum  payment,  p,  for  the  first  pe¬ 
riod.  This  instantaneous  quality  cannot  be  changed  over  the  entire  contract  duration 
once  it  is  chosen  at  the  beginning.^  The  instantaneous  quantity  of  output  to  be  de¬ 
livered  is  fixed  and  normalized  to  be  one.  In  reality,  the  quality  offer  includes  specifi¬ 
cation  of  technical  characteristics,  a  delivery  schedule,  and  other  performance  at¬ 
tributes.  Our  single- dimensional  quality  can  be  interpreted  as  a  composite  measure 
of  these  multidimensional  quality  attributes.  Each  proposal  denoted  as  a  pair 
{q,p)e  is  then  evaluated  by  a  predetermined  scoring  rule  Siq,p),  The  firm  that 
earns  the  highest  score  is  declared  the  winner®  and  performs  the  offered  contract 
terms  for  the  first  period.^ 

The  buyer's  first-period  utility  from  a  contract,  (q,p)y  is  given  by: 

U(q.p)=XV(q)-p. 

We  make  the  following  assumptions  about  the  instantaneous  surplus  function. 

Assumption  1:  For  all  qs  (0,oo),  V(q)  is  bounded  above  from  oo,  V{q)  >  0,  V"{q)  <  0, 
and  lim^^o  V'{q)  =  0. 

This  assumption  implies  that  the  buyer's  surplus  increases  with  quality  at  a  diminish¬ 
ing  rate,  and  asymptotes  to  a  finite  value.  The  last  two  conditions  are  invoked  to  en¬ 
sure  an  interior  solution. 

A  firm  /,  upon  winning,  earns  a  profit  in  the  first  period  from  a  contract  {q,p): 


^In  the  procurement  of  highly  advanced  weapon  systems,  major  quality  changes  require  costly 
investment.  The  findings  of  this  paper  still  hold  when  this  assumption  is  relaxed  as  long  as  there  exists 
some  degree  of  quality  rigidity. 

®If  more  than  one  firm  achieves  the  highest  score,  one  firm  is  randomly  selected.  Tie-breaking  rules  have 
no  effect  when  the  distribution  has  no  atom. 

® Using  the  terminologies  of  Che  (1993),  this  rule  is  called  a  "first-score  auction.”  There  are  other  rules 
called  "second-score”  and  "second-preferred-offer”  auctions  under  which  the  winning  firm  is  required  to 
match  the  highest  rejected  score.  See  Che  (1993)  for  the  details. 
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Uiiq,  p)^  p-'kciq, 


where  ci  denotes  firm  is  instantaneous  marginal  cost  of  quality  (henceforth  simply 
called  “marginal  cost”).  Losing  firms  earn  reservation  profits,  normalized  at  zero. 
Before  bidding,  the  marginal  cost  C/  is  realized  as  private  information  of  each  firm  L 
The  buyer  knows  only  the  distribution  function  of  the  cost  parameter.  The  marginal 
cost  Ci  is  independently  and  identically  distributed  over  [c,  cKO  <  c  <  c  <  ©o),  accord¬ 
ing  to  a  distribution  function  F  for  which  there  exists  a  positive,  continuously  differ¬ 
entiable  density  /.  Because  of  complete  symmetry  among  firms,  the  subscript  i  is 
suppressed  hereafter  for  notational  simplicity.  Throughout  the  analysis,  the  follow¬ 
ing  assumptions  are  made: 

Assumption  2:  F(c)/f(c)  is  nondecreasing  in  c. 

Assumption  3:  The  buyer  never  cancels  procurement. 

Assumption  2  is  a  standard  regularity  condition  that  often  appears  in  the  mechanism 
design  literature.  It  holds  if  the  density /(•)  does  not  increase  too  fast,  and  is  satisfied 
for  standard  distributions,  including  uniform,  exponential,  and  the  normal  distribu¬ 
tion.  Assumption  3  ensures  that  the  contract  is  awarded  for  all  cost  types. 

At  the  end  of  the  first  period,  the  firm's  cost  is  audited.  We  assume  that  as  a  result  of 
the  auditing,  the  buyer  obtains  an  unbiased  estimate  of  the  firm's  cost. 

In  the  second  period,  the  firm  negotiates  a  renewal  contract  with  the  DoD  according 
to  profit  policy  regulation.  The  instantaneous  quality  once  determined  in  the  first 
period,  cannot  be  changed  in  the  second  period.  Thus,  the  same  quality  q  (chosen 
by  the  firm  in  the  first-period  auction)  is  specified  in  the  renewal  contract.  We  also 
assume  that  the  expected  second-period  cost  is  perfectly  correlated  with  the  first- 
period  cost.  (So  the  audited  cost  is  also  an  unbiased  estimate  of  the  second-period 
cost.)  Allowing  partial  correlation  does  not  add  any  new  insight.  The  profit  policy 
results  in  cost-based  pricing  that  we  model  as  a  simple  markup  rule.  The  firm's  rev¬ 
enue  is  determined  as  the  markup  (1  +  m)  over  the  end-of-the-first-period  cost  esti¬ 
mate.  Thus,  the  firm's  expected  second-period  profit  is:  (1  -  X)mcqy  and  the  buyer's 
expected  utility  is  (1  -  X){V[q)  -  (1  +  m)cq). 

In  summary,  two-period  expected  profit  for  a  winning  firm  is  given  by: 


^  ^Without  the  assumption,  the  solution  of  auction  games  will  remain  qualitatively  the  same  but  tA^ill 
involve  a  reserve  score. 

the  defense  procurement  context,  changing  quality  levels  require  costly  research  and  development 
investment.  Also,  the  quality  does  not  have  to  be  perfectly  rigid  over  time.  Partial  rigidity  vdll  yield 
qualitatively  the  same  result. 

^^The  possibility  that  the  second-period  cost  is  reduced  by  the  firm’s  effort  from  its  first-period  cost  is 
considered  by  Bower  and  Osband  (Chapter  Four).  When  the  effort  is  unobservable  to  the  buyer,  the 
resulting  moral  hazard  problem  leads  the  buyer  to  design  the  profit  policy  regulation  in  a  similar  way  to 
the  Averch-Johnson  effect  in  this  paper. 
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n{q,p\  c)  =  p  -  Xcq+  (1-  X)mcq 

=  p-[X  -{I-  X)m]cq,  (1) 

when  the  firm  has  marginal  cost  c  and  offers  {q,p)  in  the  first-period  bidding. 
Similarly,  two-period  expected  utility  for  the  buyer  is  given  by: 

U(q,p\c)  =  XV{q)-p+(l  -  X)iV{q)  -  (1  +  m)cq 

=  V{q)-[p+[\~X){l  + m)cq\.  (2) 

Note  that  the  buyer’s  two-period  payment  is  the  sum  of  the  fixed  payment  p  in  the 
first  period  and  the  cost-based  payment  (1  -  ^)(1  +  m)cq  'm  the  second  period. 

Finally,  a  scoring  rule  must  be  specified.  In  principle,  a  scoring  rule  S{q,p)  can  be  any 
arbitrary  function  of  iq,p)  that  the  buyer  may  want  to  commit  to.  Here,  we  make  two 
assumptions.  First,  the  buyer  cannot  commit  to  a  scoring  rule  differing  from  its  true 
preference  over  {q,p).  This  assumption  is  sensible  because  it  is  practically  very  hard 
for  the  DoD  to  communicate  its  preference  over  complicated  technical  tradeoffs,  es¬ 
pecially  in  a  way  verifiable  to  a  third  party.  The  possibility  of  bid  disputes  also  causes 
procurement  officials  to  abstain  from  disclosing  their  evaluation  procedures — a  nec¬ 
essary  condition  for  commitment  to  a  different  scoring  rule.  Second,  we  assume  that 
the  buyer  is  myopic:  The  scoring  rule  reflects  the  buyer’s  first-period  preference. 
This  assumption  is  again  consistent  with  the  special  feature  that  program  managers 
have  short  tours  of  duty  and  major  procurement  spans  decades.  From  these  two  as¬ 
sumptions,  it  follows  that  the  only  feasible  scoring  rule  is  one  that  reflects  the  buyer’s 
first-period  preference: 


S{q,p)=  XV{q)-p.  (3) 

Before  closing  this  section,  a  comment  is  warranted  on  the  wisdom  of  this  two- 
period  procurement  mechanism.  Given  that  the  winning  firm’s  cost  is  revealed 
through  auditing  at  the  end  of  the  first  period,  it  is  theoretically  possible  to  design  a 
more  efficient  mechanism  contingent  on  end-of-the-first-period  auditing.  Although 
such  a  mechanism  would  be  an  interesting  theoretical  possibility  to  consider,  it  is  not 
likely  to  be  feasible;  long  contract  duration  typical  in  DoD  procurement  makes  it  dif¬ 
ficult  for  an  initial  competitive  contract  to  depend  on  the  cost  audits  that  are  not 
immediately  available.  Furthermore,  this  kind  of  optimal  contract  approach  is  not 
consistent  with  the  buyer’s  myopia  and  lack  of  commitment  power  that  is  assumed 
in  most  of  this  paper.  As  it  will  be  shown  in  Section  4,  our  two-period  institution  can 
be  made  to  approximately  implement  the  first-best  outcome  when  this  assumption 
is  relaxed.  Another  benefit  from  using  this  model  is  the  clear  comparison  it  permits 
with  Bower  and  Osband  (Chapter  Four),  which  will  help  highlight  the  result  obtained 
in  this  paper. 
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3.  A  SIMPLE  ILLUSTRATION  OF  THE  AVERCH-JOHNSON  EFFECT 

For  a  clear  comparison  with  previous  literature,  it  is  useful  to  first  consider  the  case 
where  all  firms’  quality  choices  are  fixed  at  some  positive  level,  q.  With  quality  pre¬ 
fixed,  the  first-period  bidding  is  reduced  to  a  standard  single-dimensional  auction, 
and  our  two-period  model  becomes  identical  to  that  of  Bower  and  Osband  (Chapter 
Four)  and  closely  resembles  that  of  McAfee  and  McMillan  (1987).  Without  going 
through  a  detailed  review,  I  present  a  simple  graphical  illustration  to  highlight  the 
intuition  of  the  literature. 

Because  of  the  revenue  equivalence  theorem  (Riley  and  Samuelson,  1981),  the  first- 
period  bidding  can  be  represented  by  a  second-price  auction.  In  the  second-price 
auction,  each  firm  bids  its  total  cost  of  production  described  in  Eq.  (1).  Figure  5.1 
succinctly  illustrates  the  equilibrium  bidding  outcome  when  the  firms  expect  the 
profit  policy  regulation  to  be  effective  for  the  recontracting  stage. 

Suppose  the  buyer  chooses  zero  markup  m  =  0.  This  means  that  the  winning  firm 
simply  receives  cost  reimbursement  in  the  second  period.  It  follows  from  Eq.  (1)  that 
the  two-period  effective  cost  of  production  is  Xcq  for  a  firm  with  marginal  cost  c,  and 
this  is  the  equilibrium  bid  for  the  firm.  The  line  ab  in  Figure  5.1  represents  the 
equilibrium  bid  for  each  cost  type  of  firm.  Let  C2  be  the  realized  second-lowest  cost 
among  all  participating  firms.  Then,  in  equilibrium,  the  firm  with  the  lowest 
marginal  cost  wins  and  pays  Xc2q.  If  the  winning  firm’s  marginal  cost  is  Cj,  the 
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Figure  5.1 — Markups  and  Government  Costs  When  Quality  Is  Given 
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difference  between  Xc2q  and  its  own  total  cost  becomes  the  profit  (represented  by 
ef ).  Therefore,  the  dark-shaded  area,  when  weighted  by  the  probability  of  the 
winning  firm's  cost,  represents  the  expected  profits  accruing  to  the  winning  firm 
conditional  on  the  given  realization  of  C2 .  Roughly  speaking,  the  objective  of  the 
buyer  is  to  minimize  the  area  for  random  C2 . 

Now,  suppose  the  buyer  imposes  a  positive  markup  m  >  0.  Notice  that  this  essen¬ 
tially  creates  a  differential  cost  subsidy  (!->.)  to  each  cost  type  c.  Higher-cost 
types  get  more  favorable  subsidies,  since  the  regulated  profit  (1  -  mcq  is  increas¬ 
ing  in  c.  In  Figure  5.1,  this  is  represented  by  the  fact  that  the  new  total  cost  curve 
crfof  each  firm  is  less  steep  than  the  original  cost  curve.  As  can  be  seen,  the  shaded 
area  representing  the  information  rents  shrinks  as  a  result  of  the  positive  markup. 
The  intuition  behind  this  is  that  the  systematic  “handicapping”  of  the  low-cost  type 
through  the  markup  forces  it  to  bid  more  aggressively,  squeezing  the  profits  accruing 
to  the  firm.  In  this  simple  model,  actually,  the  first-best  outcome  can  be  approxi¬ 
mated  by  rotating  the  cost  curve  all  the  way  toward  the  horizontal  axis;  i.e.,  by  raising 
the  markup  m  toward  (Proposition  1  of  Bower  and  Osband,  Chapter  Four). 

Now,  let  us  introduce  the  quality  choice  in  this  model.  As  a  simple  version,  we  con¬ 
sider  a  case  where  there  are  only  two  technically  feasible  quality  levels;  i.e.,  q  e 
where  qi<  q^.  This  simplified  version  can  be  of  some  independent  interest: 
Frequently,  only  a  few  design  options  are  available  for  a  particular  weapon  system. 
For  instance,  the  two  quality  choices  in  this  simple  version  can  represent  conven¬ 
tional  and  advanced  design  levels  available  to  build  a  system.  Che  (1993)  shows  that 
the  first-score  auction  yields  the  same  performance  as  the  second-score  auction  in 
which  the  winning  firm  is  required  to  match  the  highest  rejected  score  while  choos¬ 
ing  any  quality  level  in  its  best  interest  in  meeting  the  requirement.  So,  without  any 
loss  of  generality,  we  consider  the  second-score  auction. 

Suppose  first  m  =  0.  Che  (1993)  shows  that  in  the  second-score  auction,  each  firm 
picks  quality  q  e  {qi,  q^}  that  maximizes  X{V[q)-cq)  and  bids  its  two-period  total 
cost,  (X  -  (I  -  X)m)cq  (see  Eq.  (1)).  Let  there  be  c  g  ( c,  c)  that  satisfies  Vi  qi)  -  c  qi= 
Viqi^)  -  cq^.  Then,  in  our  two-quality  context,  this  means  that  each  firm  bids  the 
high  quality  if  and  only  if  its  cost  is  less  than  the  cutoff  level  c.  In  Figure  5.2,  abed 
represents  the  equilibrium  bid  (=  total  cost)  when  each  type  picks  quality  in  this  way. 
The  equilibrium  bid  jumps  at  the  cutoff  cost  level,  reflecting  the  higher  costs  associ¬ 
ated  with  producing  the  high  quality.  Notice  also  that  ab  is  steeper  than  cd.  Again, 
fix  the  second-lowest-cost  type,  02 .  That  the  same  second-highest  score  applies  to 
any  winning  bidder  indicates  that  hi  =  XiViq^)  -  Viqf));  i.e.,  a  high-quality  pro¬ 
ducer  receives  a  premium  over  a  low-quality  producer  equal  to  the  utility  increase. 
Also,  the  cutoff  type  c  must  be  indifferent  between  producing  qi  and  q^ .  That  is, 
hb  =  ic .  As  before,  the  shaded  area  roughly  measures  the  expected  profits  accruing 
to  the  winning  firm  conditional  on  the  given  realization  of  the  second-lowest-cost 
type  C2. 


c 
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Figure  5.2 — Markups  and  Government  Costs  When  Quality  Is  Variable 


Now,  suppose  the  buyer  chooses  a  positive  markup.  Then,  as  in  the  fixed  quality 
case,  each  cost  type  faces  a  lower,  less-steep  cost  curve  {ekfg)  for  producing  each 
quality.  As  before,  the  expected  profits  are  squeezed  because  of  more  aggressive 
bidding  competition.  However,  the  improved  competition  is  not  gained  for  free.  The 
positive  markup  affects  the  equilibrium  quality  choice.  Specifically,  it  makes  the 
high  quality  a  more  favorable  choice.  To  see  this,  consider  the  quality  choice  of  the 
original  cutoff  type  c.  The  price  premium  for  producing  high  quality  is  the  same  as 
before;  i.e.,  jl  =  hi.  But  the  effective  cost  of  producing  the  high  quality  has  become 
relatively  lower  than  that  of  producing  the  low  quality  because  the  high  quality 
entails  a  greater  rate  base.  Thus,  the  profit  margin  for  the  original  cutoff  type  is 
higher  when  it  produces  the  high  quality  ( jk  >  If).  This  implies  that  the  type  c  is  no 
longer  indifferent  between  qi  and  It  is  strictly  better  off  producing  the  high 
quality.  In  fact,  every  type  from  c  up  to  the  new  cutoff  point  c  switches  over  to  the 
high  quality.  This  illustrates  the  Averch-Johnson  effect  in  quality  distortion:  Firms 
are  likely  to  offer  a  higher  than  optimal  level  of  quality  to  increase  the  second-period 
rate  base. 


4.  THE  GENERAL  MODEL  OF  PROFIT  POLICY  REGULATION 

This  section  formally  presents  the  idea  illustrated  in  the  previous  section.  Here,  we 
consider  a  more  general  case  where  the  winning  firm  can  pick  any  quality  qe  [0,oo] . 
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The  first  part  of  the  analysis  involves  identifying  the  equilibrium  contract  terms  de¬ 
termined  in  the  two-period  contracting  game.  Since  the  second  period  entails  no 
strategic  play,  we  focus  on  the  first-period  auction  game.  To  identify  equilibrium 
contract  terms  in  the  first-period  auction,  we  follow  steps  analogous  to  those 
adopted  in  Che  (1993). 

First  we  consider  each  firm's  quality  offer.  Suppose  a  firm  with  marginal  cost  c  con¬ 
siders  offering  a  pair  {q,p)  that  will  result  in  a  score,  s.  For  that  target  score  s,  the 
firm  chooses  q  to  maximize  the  two-period  profit  n{q,  p  I  c)  subject  to  the  constraint 
Siq,p)  =  s  Given  the  scoring  rule  Siq^p)  =  X  V{q)  -  p,  the  optimal  quality  offer  for  the 
firm  with  type  c  is 


qj^  (c)  =  argmax  V(q)  ~  (^{m)cqy 

where  (jiCm)  =  I-  [(l-X)/  X]m.  We  first  note  that  this  quality  choice  does  not  depend 
on  the  target  score  level  s.  (This  property  comes  from  additive  separability  of  the 
scoring  rule.)  That  is,  this  quality  offer  is  a  (weakly)  dominant  choice  for  the  firm. 
Second  and  more  important,  the  firm  recognizes  the  two-period  modified  cost  (m)c 
as  an  effective  marginal  cost.  The  modified  cost  is  equal  to  the  firm's  true  two-period 
cost  c  minus  a  term,  [(l-X)/ X]m  This  second  term  captures  the  beneficial  effect  of 
increasing  quality  on  the  firm's  second-period  rate  base.  Each  firm,  in  choosing 
quality,  effectively  discounts  this  benefit  as  a  cost.  It  also  follows  from  this  that  the 
markup  must  be  set  at  m  <  X/(l-?i),  since  otherwise,  each  firm  will  pick  arbitrarily 
large  quality.  Without  loss  of  generality,  we  restrict  attention  to  m  <  X/Q.-X)  from 
now  on. 

Once  we  obtain  the  dominant  strategy  quality  offer,  we  can  reduce  the  two- 
dimensional  auction  to  a  single-dimensional  one  by  appropriately  relabelling 
variables.  Let  5^(0)  =  max  Viq)  -  <^{m)cq  for  all  c  e  [c,  c].  Then,  S(j(»)  is  strictly 
decreasing,  and  therefore  its  inverse  exists.  Now,  consider  the  following  change  of 
variables: 


v=  So  (c),  Hiv)  =  1  -  F(S^1  m,  b^S. 

The  problem  can  then  be  reinterpreted  as  one  in  which  each  firm,  indexed  according 
to  its  productive  potential  v  with  cumulative  distribution  //(•),  proposes  to  meet  the 
level  of  score,  S.  In  particular,  letting  &(•)  denote  an  equilibrium  bid  function  of  v 
that  is  symmetric  and  increasing,  we  can  express  each  firm's  expected  profit  in  the 
first-score  auction  as: 

n{q *  (c),  p  \  c)=  Ip-  X(^im)cq{^ {c)]Prob{win  I  S{qj^ (c),  p)} 

=  [V- b]H(,b^hb)). 

This  is  precisely  the  expected  profit  a  bidder  faces  in  a  standard  first-price  auction. 
From  the  standard  equilibrium  result  in  this  case  (due  to  Riley  and  Samuelson  (1981) 
among  others),  the  following  proposition  is  immediate. 
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Proposition  1:  A  unique  symmetric  equilibrium  of  a  first-score  auction  is  a  pair 
(<?(•)» p(*))  for  each  firm  that  satisfies 

qii[c)  =  aigmaxV{q)-(^{m)cq,  (4) 


Pii[c)  =  X<|)  {m)cqjt  (c)  +  ^(j)  (r) 


I- Fit) 


1-F{c) 


dt, 


(5) 


for  m<  XHX-'F). 

Note  that  the  second  term  of  Eq.  (5),  which  corresponds  to  a  profit  upon  winning,  is 
decreasing  in  m.  As  in  the  fixed- quality  scenario,  raising  the  markup  forces  firms  to 
bid  more  aggressively  and  reduces  the  profits  accruing  to  the  winning  firm.  Also,  if 
there  is  no  markup  (m  =  0)  and  quality  is  fixed,  the  equilibrium  price  bid  in  Eq.  (5)  is 
reduced  to  that  in  a  standard  single-dimensional  first-price  auction. 

Upon  substituting  the  winning  firm’s  equilibrium  bid  into  tbe  buyer’s  two-period 
utility  in  Eq.  (2),  we  get 


EUji  =  E(i) 


Viqnic))- 


...  .F[c) 
c+mm)-~— 
fic) 


(6) 


where  %[•]  denotes  expectation  over  min{  q ,  C2 , . . . ,  %}.  The  expression  inside  the 
square  brackets  is  the  so-called  “virtuar’  marginal  cost  that  the  buyer  incurs  in 
inducing  an  additional  unit  of  quality  from  the  winning  firm.  It  is  the  sum  of  the 
firm's  physical  marginal  cost  cand  the  extra  term,  often  referred  to  as  “informational 
cost”  in  the  mechanism  design  literature.  This  extra  term  represents  the  cost 
associated  with  the  buyer's  inferior  informational  position  regarding  the  realized 
cost  of  the  winning  firm.  Observe  that,  other  things  being  equal,  m  reduces  the 
information  cost  and  increases  the  expected  utility  of  the  buyer.  In  fact,  one  can 
eliminate  the  informational  costs  by  raising  the  markup  arbitrarily  close  to  X. /(!->.). 
As  m  approaches  X/Cl-X)  from  below,  (|){m)  goes  to  zero.  When  quality  is  fixed,  this 
markup  implements  the  first-best  outcome  (Bower  and  Osband,  Chapter  Four).  The 
main  point  of  this  paper  is  that  this  markup  strategy  may  not  be  optimal  for  the 
buyer  if  quality  is  variable. 

To  understand  the  welfare  implication  of  the  equilibrium  quality  qj{^)  in  Eq.  (4), 
consider  an  optimal  quality  schedule  for  the  buyer.  The  optimal  quality  schedule  for 
the  buyer,  denoted  as  qo^)y  can  be  obtained  by  directly  performing  point-wise 
maximization  of  Eq.  (6)  with  respect  to  qj^.  For  a  given  markup  m, 

fic) 


q^ic)  =  argmax  Viq)- 


q. 


(7) 
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Comparing  the  equilibrium  quality  in  Eq.  (4)  with  the  optimal  one  in  Eq.  (7)  reveals  a 
possible  quality  bias.  To  measure  this  bias,  consider  the  buyer’s  virtual  marginal  cost 
of  inducing  quality  that  each  firm  does  not  internalize  in  its  equilibrium  quality  bid: 

F(c) 

a-<|)(m))c+A,<()(m)-^. 

/(c) 

There  are  two  sources  of  quality  distortion.  The  first  distortion  comes  from  the  fact 
that  the  firms  do  not  internalize  the  buyer’s  informational  costs,  X^im)Fic)lf(,c),  in 
their  choice  of  quality  offers.  This  effect  always  predicts  that  the  winning  firm  will 
oversupply  quality.  The  second  distortion  comes  from  the  fact  that  (|)(m)5t  1  if  m  0. 
This  distortion  can  be  interpreted  as  the  Averch-Johnson  effect.  Notice  that  (()(m)<  1 
if  m  >  0.  A  winning  firm’s  first-period  total  cost  is  higher  if  it  picks  a  higher-quality 
level  in  its  bid.  When  the  markup  m  is  positive,  this  means  that  the  firm’s  second- 
period  regulated  profit  will  be  higher.  Therefore,  each  firm,  knowing  this  rate-base 
increasing  effect,  offers  higher  quality  in  the  first-period  bidding  than  otherwise.  If 
m  >  0,  thus,  the  Averch-Johnson  effect  augments  the  first  effect  (henceforth  called 
"informational  effect”).  If,  on  the  contrary,  the  markup  is  negative,  the  same  argu¬ 
ment  holds  in  the  opposite  direction.  In  this  case,  (j)(m)>  1,  and  the  Averch-Johnson 
effect  actually  causes  each  firm  to  lower  quality  in  the  bid.  This  effect  can  offset  the 
quality  bias  created  by  the  informational  effect.  In  sum,  we  conclude  that  the  quality 
bias  is  positive  in  equilibrium  if  the  markup  is  positive  or  not  too  negative.  That  is, 
for  any  c  €  [c,  c] ,  there  exists  m<0  such  that  (c)  >  qg  (c)  if  and  only  if  m  >  m. 

Several  remarks  can  be  made.  First,  the  informational  effect  becomes  negligible  if 
the  winning  firm’s  marginal  cost  of  quality  is  close  to  c.  Since  as  the  number  of  bid¬ 
ders,  N,  tends  to  infinity,  the  winning  firm’s  marginal  cost  becomes  arbitrarily  close 
to  c;  this  means  that  the  first  type  of  bias  becomes  less  serious  as  the  first-period 
bidding  becomes  more  competitive.  The  same  is  not  true  for  the  Averch-Johnson 
bias.  Clearly,  this  bias  exists  even  for  the  most  efficient  type  of  firm  as  long  as 
(|)(m)9!:l.  Hence,  the  Averch-Johnson  effect  does  not  disappear  as  competition  in¬ 
tensifies.  Second,  X  has  special  implications  on  the  two  types  of  quality  distortion. 
As  the  first-period  contract  becomes  relatively  more  important  than  the  second- 
period  contract,  the  quality  bias  associated  with  the  informational  effect  increases 
while  the  Averch-Johnson  effect  diminishes. 

Now,  we  are  in  a  position  to  determine  the  buyer’s  optimal  choice  of  markup.  In 
choosing  the  optimal  markup,  the  buyer  must  recognize  both  the  bidding  competi¬ 
tion  effect  (of  reducing  the  winning  firm’s  profit  margin  in  Eq.  (5))  and  the  quality 
bias  effect  associated  with  raising  the  markup.  As  mentioned  above,  when  m  is 
raised  toward  A,/(l-X),  the  winning  firm’s  profit  margin  is  reduced,  but  quality  be¬ 
comes  excessive  to  the  buyer  because  of  both  the  informational  and  the  Averch- 
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Johnson  effects. These  two  conflicting  forces  must  be  optimally  weighed.  In  gen¬ 
eral,  it  is  not  easy  to  characterize  the  optimal  markup.  But  the  following  proposition 
shows  that  the  optimal  markup  m*  cannot  be  arbitrarily  close  to  X/Q.-X). 

Proposition  2:  The  optimal  markup  m*  is  bounded  above  from  and  at  the 

optimal  markup  the  induced  level  of  quality  is  excessive;  i.e.,  q^[c)>  q^ic)  for  all 
ce  [  c,  c]. 

Proof:  To  prove  the  first  statement,  suppose  otherwise.  Then,  it  must  be  optimal  for 
the  buyer  to  raise  m  arbitrarily  close  to  A,/(l-^).  Observe  that  as  m  approaches 
^/(l-^)  from  below,  (j)(m)  approaches  from  above  to  zero.  From  Eq.  (4)  and 
Assumption  1,  then,  <7^}  (c)  must  tend  to  infinity  for  all  ce[c,c].  This,  in  turn,  implies 
that  the  cost  term  in  Eq.  (6)  goes  to  infinity  while  the  gross  surplus  remains  finite 
(because  of  Assumption  1).  This,  however,  cannot  be  optimal  for  the  buyer,  since  it 
has  an  option  of  cancelling  the  procurement  and  earns  finite  payoff  instead  of  nega¬ 
tive  infinity.  To  prove  the  second  statement,  we  differentiate  the  buyer’s  expected 
utility  in  Eq.  (6)  with  respect  to  m: 
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Suppose,  contrary  to  the  statement,  at  the  optimal  markup  m*,  qji{c)<qQ{c)  for 
CE  [  c,  c]  (it  is  not  possible  for  this  inequality  to  hold  for  only  some  subset  of  [  c,  c]). 
Then,  at  such  m*,  V'  -  (c+  i  /)  >  0,  and  dEUj^  /  dm  >  0.  This  is  a  contradiction 
to  the  optimality  of  m*. 

This  result  stands  in  a  sharp  contrast  to  the  main  finding  of  Bower  and  Osband 
(Chapter  Four).  They  argue  that  the  optimal  markup  must  be  set  sufficiently  high  so 
that  each  firm  essentially  faces  zero  cost  after  paying  the  first-period  competitive  bid; 
i.e.,  m  must  be  arbitrarily  close  to  A./(l-^).  This  high  markup  approximates  the  first- 
best  outcome  by  inducing  firms  to  buy  in  very  aggressively  in  the  first-period 
bidding.  This  result  does  not  hold  if  firms  can  freely  choose  quality  in  their  bids. 
Because  the  quality  bias  becomes  arbitrarily  large  as  the  markup  is  raised  toward 
the  optimal  markup  must  be  strictly  below  XI0.-X).  In  fact,  an  optimal 
markup  can  even  be  negative  if  the  welfare  loss  associated  with  quality  bias  is  very 
large.i^  Finally,  the  second  part  of  the  proposition  implies  that  the  quality  bias,  often 
documented  in  the  defense  procurement  literature,  may  be  the  result  of  the  pro- 


^^This  tradeoff  becomes  clear  upon  differentiating  the  buyer's  expected  utility  Eq.  (6)  with  respect  to  m: 
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The  first  term  captures  the  bidding  competition  effect  and  is  positive  for  m  <  Xlil-'k).  The  second  term 
shows  the  quality  bias  effect.  It  is  negative  for  all  m  g  [0,  >./(l-X)h  since  Eq.  (4)  clearly  shows  that 
V'  -  (c  +  X<^F /  jO  <  0  for  such  m  and  that  qj(  is  increasing  in  m. 

^"^Bower  and  Osband  (Chapter  Four)  point  out  a  similar  possibility  when  the  winning  firm  makes  a  cost- 
reducing  effort  that  the  buyer  cannot  observe.  In  this  situation,  cost-based  regulation  creates  a 
disincentive  for  the  winning  firm’s  cost-reduction  effort,  and  the  buyer,  as  in  the  variable  quality  situation, 
must  balance  conflicting  effects  associated  with  raising  the  markup. 
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carer’s  attempt  to  elicit  bidding  competition.  This  view  is  contrasted  to  that  of 
Rogerson  (1990)  who  explains  the  quality  bias  as  a  result  of  the  procurement  officers' 
inability  to  internalize  a  correct  social  objective  function. 

The  critical  assumption  behind  the  above  proposition  is  that  the  buyer  is  myopic  and 
has  limited  commitment  power  in  its  design  of  the  scoring  rule.  We  show  now  that 
the  quality  distortion  can  be  rectified  if  the  buyer  is  able  to  commit  to  any  scoring 
rule. 

Let  q*  =  argmax  V{q)  -  cq.  Consider  the  following  scoring  rule: 


kq,p}=  V[q)- 


a-X)a+  m)\‘l^q*  ^ 


\ 

{s)ds 


and  S{q,  p)  =  otherwise.  Compared  with  the  myopic  scoring  rule  in  Eq.  (5),  this 
new  scoring  rule  has  an  extra  penalty  term  that  is  increasing  q.  That  is,  other  things 
being  equal,  S  provides  a  smaller  quality  incentive  than  the  naive  scoring  rule  S,  The 
following  proposition  shows  that  the  first-best  can  be  again  approximately  imple¬ 
mented  in  the  variable  quality  context  if  the  buyer  uses  this  new  scoring  rule. 

Proposition  3: 

(i)  The  scoring  rule  S  implements  a  quality  schedule  q*{^)  as  long  as  m<  X/Q.-X), 

(ii)  With  this  scoring  rule  the  buyer  can  approximately  implement  the  first-best  out¬ 
come  by  raising  m  arbitrarily  close  to  (l~  . 

Proof:  To  prove  (i),  following  the  logic  of  Proposition  1,  it  suffices  to  show  that  for 
any  ce[c,  c] 


q*  ic)=  argmax  5(^7,  (fi{m)cq). 

Taking  the  derivative  of  this  with  respect  to  q,  we  get 

V'iq)-  a- A,)a+  m)q'~'^  {q]-(k-(i-X]m]c. 

This  becomes  zero  when  q  =  q*{c).  Thus,  the  first-order  condition  is  satisfied  at 
q  =  q*(c).  Differentiating  the  above  derivative  with  respect  to  q  yields  for 
qe[q*{fi),q*(c)] 


y„(  .  a-A.)a-tm) 

^  q*'{q*-^{q)) 

=  W'(q)[l-a->t)a+m)] 

<  0,  if  m  < 


1-X 
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Thus,  the  second-order  condition  is  globally  satisfied  in  the  relevant  region  of  q. 

Next,  we  prove  (ii).  It  follows  from  Eq.  (7)  that,  as  m  is  raised  to  ^/(l-  A,),  q^ic]  ap¬ 
proaches  q*(c)  for  all  ce  [  c,  c] .  Furthermore,  the  buyer's  expected  utility  approaches 
^(1)  {Viq*  (c))-  cq*{c)} ,  or  its  maximum  attainable  surplus  level. 

This  result  reconfirms  the  main  proposition  of  Bower  and  Osband  (Chapter  Four) 
even  in  a  variable  quality  setting.  It  identifies  the  buyer's  myopia  and  its  lack  of 
commitment  power  as  the  ultimate  source  of  the  quality  bias.  Nevertheless,  one 
must  be  cautioned  that  the  mechanism  featured  in  the  proposition  may  not  be  easy 
to  implement.  First,  committing  to  a  complicated  scoring  rule  like  S  may  be 
practically  impossible.  Second,  correcting  buyer  myopia  often  requires  sweeping 
changes  in  employment  arrangements  as  well  as  organizational  cultures  for  the 
procurement  employees.  These  kinds  of  changes  are  not  just  difficult  to  implement 
but  may  be  undesirable  from  a  broad  perspective  of  the  government's  objective. 

5.  NUMERICAL  EXERCISE 

In  this  section,  I  present  a  numerical  example  of  the  model  with  two  benefits  in 
mind:  (1)  The  numerical  analysis  highlights  the  practical  importance  of  quality  dis¬ 
tortion — namely,  the  fact  that  even  a  small  amount  of  distortion  can  produce  a  mag¬ 
nified  cost  impact;  (2)  it  helps  us  understand  the  implications  of  the  markup  policy 
on  interrelated  phenomena  such  as  quality  distortions,  costs  of  procurement,  and 
cost  overruns. 

Consider  the  following  numerical  specification  of  the  model: 

(i)  V{q)  -  aq-  1/2^?^/^,  where  a  =  3  and  b-  .2; 

(ii)  cis  uniformly  distributed  over  [1,2]; 

(iii)  A-  =  .5  and  3. 

Table  5.1  shows  expected  quality  distortions  under  different  markup  rates  and  their 
effects  on  the  cost  of  procurement.  Each  distortion  term  is  broken  down  into  its  two 
components:  information  cost  effect  and  the  Averch-Johnson  effect.  Furthermore, 
various  stylized  facts  about  defense  procurement  are  tied  together:  Table  5.1  shows 
that  a  high  markup  induces  large  quality  distortion,  high  total  cost,  and  high  cost 
overruns. 

Observe  that  the  total  quality  distortion  (in  percentage  terms)  is  translated  into  a 
slightly  magnified  expected  cost  increase  (also  in  percentage  terms).  As  an  interest¬ 
ing  reference.  Bower  (1993)  reports  in  his  similar  simulation  that  a  cost  saving  from 
any  possible  improvement  on  the  simple  markup  rule  (into  a  more  complicated 
menu,  say)  is  about  1  percent  (when  the  quality  choice  problem  does  not  exist). 
When  quality  is  endogenously  chosen,  Table  5.1  reveals  that  a  typical  cost  saving 
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from  a  potential  improvement  on  quality  choice  averages  10  or  12  percent!^^ 
Although  it  is  difficult  to  compare  different  simulation  models,  this  stresses  the 
significance  of  the  role  played  by  variable  quality. 

A  breakdown  of  the  quality  distortion  shows  an  interesting  tradeoff  between  two 
types  of  quality  distortion.  As  m  increases,  the  information-cost-related  quality  bias 
decreases,  confirming  the  claim  that  the  increased  bidding  competition  squeezes  the 
information  rents.  On  the  other  hand,  the  Averch-Johnson  distortion  grows  with  m. 
(Here  the  optimal  m  is  near  -.2.)  Finally,  the  magnitude  of  the  cost  overrun  increases 
with  the  markup.  The  magnitude  is  inversely  related  to  the  amount  of  buy-in  in  the 
first  period.  A  high  markup  induces  firms  to  buy  in  more  aggressively,  resulting  in  a 
higher  cost  overrun. 


6.  CONCLUSION 

This  paper  has  shown  that  the  DoD’s  profit  policy  can  create  an  Averch-Johnson  type 
of  quality  bias,  which  can  negate  its  potential  benefit  as  a  ''handicapping  device." 
The  modeling  framework  adopted  to  show  these  results  abstracts  from  some  of  the 
important  features  of  quality  determination  in  defense  procurement.  For  instance, 
we  assumed  that  bidding  firms  have  perfect  information  about  the  technological 
frontier  of  producing  quality  before  participating  in  the  auction.  In  practice,  how¬ 
ever,  firms  are  often  still  in  the  process  of  acquiring  technologies  when  they  make 
proposals.  In  this  case,  enforcing  a  particular  design  specification  may  be  a  problem, 

Table  5.1 

Quality  Distortions  and  Markups 


Markup  (m) 

-.2 

-.1 

0 

.05 

.1 

.2 

Quality 

7.56 

8.18 

8.80 

9.11 

9.42 

10.04 

Bias:  Information  (%)^ 

9.53 

8.07 

6.82 

6.26 

5.74 

4.78 

Bias:  Averch-Johnson  {%)^ 

-16.40 

-7.58 

0.00 

3.40 

6.58 

12.35 

Total  cost 

10.10 

10.90 

11.69 

12.07 

12.45 

13.19 

Bias:  Information  (%)^ 

11.58 

9.77 

8.19 

7.48 

6.83 

5.66 

Bias:  Averch-Johnson  (%)^ 

-17.52 

-8.06 

0.00 

3.59 

6.92 

12.84 

Cost  overrun  (%)^ 

-43.20 

-30.48 

-15.22 

-6.38 

3.42 

26.71 

^  E[{q  *  ^  100 ;  where  qg  is  the  level  of  optimal  quality  that  maximizes  Eq.  (5)  (on  p. 

92)  and  (f  is  the  first-best  level  of  quality  chosen  under  the  naive  scoring  rule  when  m  =  0. 

^  E\{qf(  -  q*)l  qo\  x  100 ;  where  q^  is  the  quality  level  determined  under  the  myopic  scoring 
rule  when  the  markup  rate  is  m. 

^  {E[c{q*)  ~  ciq^)]/  E[c{qo)]}  X  100;  where  c[x)  is  total  two-period  cost  when  quality  level  x  is 
produced. 

lEUqR)  -  c(<f )]/  EUqom  x  100  • 

^  {{E[{l  +  m)cqii]~  Elpflic)]}/ E\pj({c)]}x  100,  which  represents  the  rate  of  cost  increase  over 
the  two  periods. 


l^The  figure  represents  the  cost  inflation  associated  with  excessive  quality  choice  caused  by  the  quality 
bias.  Note  that  this  cost  infiation  exaggerates  the  efficiency  loss  since  the  government  gets  more  quality 
with  the  increased  cost. 
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and  thus  the  procurer  may  attempt  to  devise  a  scheme,  such  as  prototype  competi¬ 
tion,  that  will  help  increase  the  information  about  the  feasibility  of  proposed  design 
specifications.  For  a  clear  understanding  of  the  procurement  institution,  future  re¬ 
search  addressing  the  special  nature  of  quality  will  be  needed. 


Chapter  Six 

INFORMATION  EXPROPRIATION  AND  MORAL  HAZARD  IN 
OPTIMAL  SECOND-SOURCE  AUCTIONS 

_ by  Lars  A.  Stole^ 


1.  INTRODUCTION 

Amidst  shrinking  budgets  and  increasingly  expensive  technology,  the  U.S.  govern¬ 
ment  has  begun  to  pursue  more  vigorously  the  use  of  competition  to  reduce  the  costs 
of  its  defense  procurements.  Witness  the  enactment  of  the  Competition  in  Con¬ 
tracting  Act  of  1984,  which  reoriented  the  procurement  process  around  competition 
and  dramatically  narrowed  the  use  of  sole-source  procurement  strategies.  It  is 
commonly  recognized  that  this  new  emphasis  has  had  a  strong  effect  on  increasing 
the  use  of  competition  in  procurement,  and  in  particular,  second-sourcing.^ 

Several  approaches  exist  for  introducing  competition  into  the  acquisition  process. 
When  an  accurate  and  complete  description  of  the  developing  firm's  technology 
(known  as  a  data  package)  exists,  the  government  may  choose  merely  to  advertise  the 
procurement  competition  to  interested  and  qualified  bidders,  offering  a  fixed-price 
contract  to  the  lowest  bidder.  When  an  adequate  data  package  does  not  exist,  or 
when  the  item  to  be  produced  is  very  complex,  the  government  may  choose  to  make 
an  “educational”  contract  with  a  second  source;  such  a  contract  typically  consists  of 
the  purchase  of  small  quantities  of  the  item  (called  “learning  buys”)  at  a  higher  rela¬ 
tive  cost,  thereby  providing  the  second  source  with  production  experience  and  ab¬ 
sorbing  some  of  its  initial  production  setup  costs. 

Both  of  these  methods  require  the  transfer  of  data  from  the  developer  to  a  second 
source — a  result  that  can  be  accomplished  in  various  ways.  The  developer’s  contract 
may  contain  negotiated  terms  for  license  fees,  or  the  firm  may  be  required  by  law  to 
turn  over  all  data  to  the  government  for  use  in  the  competitive  procurement.  (In  the 


^This  paper  is  reprinted  from  Lars  Stole  “Information,  Expropriation,  and  Moral  Hazard  in  Optimal 
Second  Source  Auctions,”  Journal  of  Public  Economics,  Vol.  56,  No.  3, 1994,  pp.  463-484.  Copyright  ©  1994 
by  Elsevier  Science  Publishers.  Used  by  permission.  Earlier  portions  of  this  research  were  presented  at 
the  PA&E  Workshop  on  the  Economics  of  Defense  Acquisition  held  at  RAND  in  August  1988  and  the  Pew 
Foundation  Conference  on  Defense  Procurement  in  September  1989  in  Cambridge,  Massachusetts.  The 
author  thanks  Joel  Demski,  Kent  Osband,  David  Sappington,  Jean  Tirole,  and  two  anonymous  referees  for 
helpful  comments.  The  usual  disclaimer  applies. 

^Gansler  (1989)  provides  an  interesting  overview  of  many  of  the  more  salient  issues  involved  in  defense 
procurement. 
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United  States,  a  firm  must  turn  over  to  the  government  all  data  when  either  public 
funds  have  entirely  funded  the  development  or  the  government  has  Government 
Purpose  License  Rights  in  the  project's  data.)  This  approach  is  known  as  directed  li¬ 
censing,  whereby  the  developer  licenses  its  technology  to  the  second  source. 

Three  policy  questions  of  increasing  complexity  emerge  concerning  the  licensing  of 
technology  to  a  second  source.  First,  putting  aside  the  developer's  incentives  for  in¬ 
vestment  in  cost-reducing  technology,  when  (if  ever)  should  the  government  intro¬ 
duce  a  second  source  rather  than  remain  with  the  developer?  Second,  when  the  sec¬ 
ond  source  has  the  added  option  of  using  its  own  designs  and  technologies,  rather 
than  the  developer's  data  package,  an  additional  question  arises:  When  should  the 
government  choose  to  have  the  developer  license  the  second  source  rather  than  al¬ 
low  the  second  source  to  produce  using  its  own  technology?  That  is,  how  should  the 
government  approach  the  problem  of  choosing  among  the  developer,  licensing  a 
second  source,  and  selecting  a  second  source  but  directing  it  to  use  its  own  technol¬ 
ogy.  Third,  turning  to  the  problem  of  moral  hazard,  when  the  cost  of  the  product  de¬ 
pends  in  part  on  the  unobservable  investments  of  the  developer  during  initial  stages 
of  product  design,  how  should  the  government  respond  with  its  technology  transfer 
policy?  Ostensibly,  second-sourcing  may  have  the  deleterious  effect  of  reducing  ex 
ante  investment  by  the  developer. 

We  begin  by  examining  a  simple  model  of  second-sourcing  in  which  a  tradeoff  exists 
between  inefficiently  transferring  technology  and  reducing  the  profits  of  the  firms 
(and  hence  reducing  the  price  of  procurement).  It  is  possible  that  introducing  such  a 
cost  inefficiency  is  optimal  for  the  buyer  if  it  can  also  reduce  the  rents  that  firms  re¬ 
ceive  from  their  private  information.  As  in  Baron  and  Myerson  (1982)  and  Laffont 
and  Tirole  (1986),  the  buyer's  goal  is  to  balance  the  introduction  of  inefficiencies  with 
the  reduction  of  these  “information  rents"  so  as  to  obtain  the  lowest  possible  ex¬ 
pected  price.  Our  approach  differs  from  these  previous  works  as  we  consider  the  role 
of  competition  via  second-sourcing  as  the  rent-reducing  inefficiency. 

In  Sections  2  and  3,  we  consider  the  situation  where  the  buyer  can  commit  to  a  take- 
it-or-leave-it  offer,  but  all  contracts  are  constrained  to  be  ex  post  profitable.^  The 
model  consists  of  one  buyer  (the  government)  and  two  sellers  (a  developer  and  a 
second  source).  The  government  has  three  procurement  alternatives:  Choose  the 
developer  to  produce,  choose  the  second  source  to  produce  using  its  own  technol¬ 
ogy,  or  choose  the  second  source  to  produce  using  technology  transferred  from  the 
developer.  When  second  sources  do  not  have  their  own  technology  to  produce,  as  is 
a  common  situation  in  defense  procurement,  the  government’s  options  are  more  re¬ 
stricted,  but  the  analysis  is  easily  incorporated  below.  At  the  contracting  stage,  all 
parties  have  symmetric  information,  and  the  government  commits  to  specific  rules 
for  an  auction  it  will  later  conduct.  The  sellers  determine  their  costs  and  bid  accord¬ 
ingly;  the  rules  establish  who  will  produce  and  how  much  each  seller  will  receive  as  a 
function  of  the  bids. 


^This  ex  post  individual  rationality  constraint  is  also  known  as  limited  liability  in  the  contracts  literature. 
See  Sappington  (1983). 
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A  rule  that  optimally  transfers  technology  induces  both  the  developer  and  the  second 
source  to  report  their  costs  truthfully  while  leaving  each  with  less  rents  from  their 
private  information.  Intuitively,  the  existence  of  a  second  source  allows  the  buyer  to 
compete  away  some  of  these  information  rents  via  an  auction,  where  the  licensing 
option  can  be  thought  of  as  the  addition  of  a  third  seller.  Although  this  additional 
bidder  may  have  higher  costs,  it  also  has  less  of  an  informational  stake  in  the  trans¬ 
ferred  technology:  If  the  production  costs  using  the  transferred  technology  are  less 
related  to  the  second  source’s  own  costs  and  more  related  to  the  developer’s  costs,  its 
requisite  information  rent  for  truth-telling  will  be  significantly  lowered.  Con¬ 
sequently,  informational  rent-reducing  gains  from  technology  transfer  exist.'* 

Although  a  policy  of  transferring  information-laden  technology  may  reduce  rents,  we 
might  suspect  that  such  a  policy  would  have  perverse  effects  upon  the  developer’s 
initial  incentive  to  invest.  In  Section  4,  this  paper  endogenizes  the  developer’s  in¬ 
vestment  decision  and  derives  the  optimal  auction  in  the  moral  hazard  environment. 
The  results  indicate  that  the  solution  to  the  moral  hazard  problem  entails  a  change  in 
the  probability  of  choosing  production  by  the  developer  as  a  function  of  the  project’s 
reported  production  cost  using  the  developer’s  technology.  The  probability  of 
licensing  is  more  sensitive  to  the  developer’s  announced  cost  when  moral  hazard 
considerations  are  present. 

This  paper  has  important  policy  ramifications.  First,  with  respect  to  our  earlier  pol¬ 
icy  questions  regarding  the  optimal  transfer  rule,  we  find  that  a  commitment  to 
transferring  technology  for  some  bids  may  reduce  expected  procurement  costs,  even 
when  moral  hazard  is  present.  Second,  this  paper  provides  a  caveat  for  the  common 
empirical  practice  of  evaluating  the  gains  from  licensing  by  comparing  the  posttrans¬ 
fer  cost  of  production  with  the  estimated  cost  of  production  by  the  developer.  Such  a 
comparison  ignores  the  ex  ante  gains  in  reduced  information  rents  that  result  from 
the  government’s  commitment  to  breakout  technology  for  bad  bids  and  it  ignores 
the  costs  of  reduced  incentives  for  initial  development. 

The  contributions  of  this  paper,  however,  are  not  restricted  to  defense  procurement. 
On  a  more  general  level,  this  paper  considers  the  transfer  of  information-inherent 
“property”  from  one  agent  to  another  so  as  to  reduce  information  rents.  Such  a 
strategy  achieves  rent  reductions  by  expropriating  the  agent’s  hidden  information — 
transferring  property  in  which  the  information  is  embodied  to  a  competing  agent 
with  a  lower  informational  stake  in  the  property.  Providing  that  an  alternative  agent 
can  use  the  asset,  an  optimal  transfer  has  the  potential  for  reducing  the  principal’s 
acquisition  costs. 

2.  THE  MODEL 

We  present  a  model  of  a  risk-neutral  buyer  with  full-commitment  ability  and  two 
risk-neutral  sellers  who  are  subject  to  limited  liability.  For  exposition,  we  initially 


%he  idea  of  transferring  the  information-inherent  component  of  one  agent  to  another  so  as  to  reduce 
information  rents  is  not  entirely  new  to  the  literature.  Riordan  and  Sappington  (1989),  for  example,  make 
use  of  such  transfers  in  their  examination  of  defense  procurement  second-sourcing. 
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consider  the  problem  of  a  buyer  (the  government)  who  must  procure  an  item  from 
one  of  two  potential  sellers  (firms).  The  government  desires  to  procure  a  single  ob- 
ject  at  the  lowest  possible  cost.  It  proposes  a  take-it-ordeave-it  contract  to  both  selh 
ers:  the  primary  seller  (firm  1)  and  the  secondary  seller  (firm  2).  The  contract  com- 
mits  the  buyer  to  deal  with  the  sellers  in  a  prespecified  manner  after  the  sellers  have 
announced  their  costs,  and  must  guarantee  both  sellers  nonnegative  income.  Each 
firm  either  accepts  or  rejects  the  contract.  Following  their  decision,  they  discover 
their  production  costs.  The  government  does  not  observe  costs  either  ex  ante  or  ex 
posL^  After  learning  their  costs,  firms  make  announcements  (i.e.,  “bids”)  to  the  gov¬ 
ernment,  who  chooses  which  firm  will  produce;  in  the  case  that  the  second  source  is 
chosen,  the  government  additionally  chooses  whether  or  not  to  transfer  the  develop¬ 
er's  technology.  We  assume  that  the  government's  valuation  is  sufficiently  large  that 
it  always  chooses  to  procure  the  item.  Monetary  payments  are  made  in  accordance 
with  the  initial  contract. 

We  may  think  of  the  contract  that  the  buyer  offers  as  a  commitment  to  use  a  specific 
auction  mechanism.  In  this  way,  we  analyze  the  problem  of  choosing  the  optimal 
contract  as  one  of  optimal  auction  design.  In  particular,  we  will  consider  truthful 
revelation  mechanisms,  using  techniques  similar  to  those  found  in  Myerson  (1981), 

Each  firm's  cost,  q,  is  independently  distributed  according  to  the  continuous  prob¬ 
ability  density,  /j  (  q)  >  0,  on  a  compact  set,  which  we  take  to  be  [0,1]  without  loss  of 
generality.  F^(c/)  is  the  corresponding  cumulative  distribution  function,  and  we 
make  the  common  regularity  assumption  that  Fiici) I  fiiCf)  is  nondecreasing  in 

The  total  cost  to  firm  2  of  producing  with  firm  Ts  technology,  i.e.,  the  total  cost  of 
production  under  licensing,  is  given  by  the  function  ^(q ,  q ),  which  includes  the  cost 
of  transfer,  if  any.  We  will  further  assume  that  3^(Ci,  C2)  /  dc2  =  ^2  constant;  that  is, 
iici ,  C2 )  is  linear  in  C2 .  This  implies  that  the  second  source's  marginal  cost  effect  on 
the  licensed  production  is  independent  of  the  developer’s  cost,  allowing  us  to  sepa¬ 
rate  the  information  effects  from  each  other.  We  also  assume  that  1  >  ^2  -  ^ 
di{ciyC2)/  dci  <  1.  Consequently,  the  second  source  has  less  informational  stake  in 
the  transferred  technology  than  its  own  technology. 

The  cost  distributions  and  i  are  common  knowledge  to  the  buyer  and  the  sellers.  We 
will  often  consider  a  particular  situation  with  linear  licensing  costs. 


^{q,q)  =  ^q  +  (I-^^lq  +  y, 


(1) 


^Laffont  and  Tirole  (1986)  and  McAfee  and  McMillan  (1986)  consider  contexts  where  the  government  can 
observe  costs  ex  post  hut  is  unable  to  observe  the  firms'  effort  levels.  The  approach  taken  here  differs  from 
theirs  because  cost  remains  unobservable,  but  similar  gains  from  technology  transfers  could  be  realized 
under  alternative  models  with  contractible  costs. 

^This  regularity  assumption  is  commonly  referred  to  as  the  monotone  likelihood  ratio  property  (MLRP). 
Among  others,  the  uniform,  norm^,  logistic,  chi- squared,  exponential,  and  Laplace  distributions  satisfy 
this  property. 
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for  1  >  X,  >  0.  With  linear  licensing  costs,  a  proportion  X  of  the  technology  is  transfer¬ 
able  to  firm  2  for  a  fixed  transfer  cost  y  .  In  the  extreme  case  of  perfectly  and  cost¬ 
lessly  transferable  technology  we  have  ^  (Q ,  C2 )  =  q . 

Finally,  using  cost  reports,  the  government  chooses  from  one  of  three  possible  pro¬ 
duction  alternatives:  (i)  primary  production;  (ii)  secondary  production;  and  (iii), 
technology  transfer  or  licensing  (i.e.,  secondary  production  with  technology  trans¬ 
fer).  For  tractability,  we  do  not  include  the  logical  fourth  possibility  of  transferring 
technology  from  the  secondary  firm  to  the  primary  firm.  It  is  important  to  note  that 
in  this  framework,  seller  2  can  be  required  to  produce  using  seller  Ts  technology, 
even  when  it  is  inferior  to  seller  2’s  own  technology.  In  the  defense  procurement 
context,  this  assumption  is  plausible  as  technologies  are  easily  verified.  When  sec¬ 
ond  sources  do  not  have  their  own  designs  to  produce,  the  government's  options  are 
restricted  to  (i)  and  (iii)  above,  but  the  analysis  incorporates  this  case  by  assuming 
that  C2  is  sufficiently  large  and  ^2  is  sufficiently  small. 

Along  with  the  production  decision,  the  government  determines  payments  to  each 
firm  based  upon  their  cost  reports.  A  crucial  constraint  is  that  the  government  must 
guarantee  nonnegative  profits  for  both  producers  for  all  possible  realizations  of  cost: 
No  policy  can  be  enforced  ex  that  would  unduly  harm  a  truthful  seller.  Here,  we 
assume  that  no  firm  can  be  forced  to  accept  a  loss,  which  prevents  the  government 
from  effectively  buying  the  project  from  the  sellers  for  the  expected  minimum  cost  of 
the  production  among  them.  By  law,  corporate  bodies  are  protected  from  liability 
beyond  the  value  of  their  assets.  Our  assumption  is  stronger  but  justified  for  several 
reasons.  First,  the  assumption  approximates  a  firm  that  is  extremely  risk  averse  be¬ 
yond  a  certain  level  of  losses.  Given  that  managers  are  sensitive  to  excessive  losses,  it 
is  plausible  that  the  firms'  behavior  may  be  risk  neutral  over  a  moderate  range  but 
risk  averse  for  dramatic  losses.  Additionally,  from  a  purely  descriptive  perspective,  it 
is  doubtful  that  the  government  could  force  a  defense  company  to  continue  produc¬ 
tion  when  it  suffers  excessively  large  losses.  Boards  of  Contracts  Appeal  (BCAs),  the 
neutral  tribunals  that  have  jurisdiction  over  government  contract  disputes,  fre¬ 
quently  grant  equitable  adjustments  to  contracts  that  impose  excessive  sacrifices 
upon  firms.  To  this  extent,  a  limit  exists  to  the  losses  that  a  contractor  can  be  forced 
to  bear. 

We  do  not  allow  the  government's  payment  to  the  primary  firm  to  depend  upon  any 
ex  post  discoveries  made  by  the  licensed  firm  after  a  transfer.  If  the  buyer  could  do 
this,  the  first-best  solution  would  be  approximated  by  employing  the  secondary  firm 
with  an  arbitrarily  small  probability  to  check  the  truth-telling  of  the  developer,  and 
then  punishing  this  firm  sufficiently  hard  whenever  untruthful  reports  occur.  This 
paper  considers  the  more  subtle  issue  involved  when  payments  cannot  be  condi¬ 
tioned  on  an  ex  post  report  of  another  agent.  Such  a  restriction  appears  realistic  in 
the  defense  procurement  context;  otherwise,  we  would  have  to  allow  a  time  delay 
(perhaps  years)  between  the  auction  and  the  agent's  action  (e.g.,  defense  production) 
before  enough  verifiable  evidence  could  be  marshalled  to  levy  a  punishment  against 
the  primary  agent. 


104  Essays  in  the  Economics  of  Procurement 


3.  THE  OPTIMAL  CONTRACT 

In  this  model,  the  buyer  commits  to  deal  with  the  sellers  in  a  predetermined  manner 
after  learning  their  reported  costs.  Using  these  reports,  the  buyer  determines  who 
produces  the  object,  whether  technology  is  transferred,  and  how  much  each  firm 
shall  be  paid.  The  Revelation  Principle  states  that  without  loss  of  generality,  we  may 
restrict  our  attention  to  direct  revelation  mechanisms.  The  class  of  mechanisms  that 
we  will  consider  is  given  by  M  =  {{(t)j(q,  C2)}z=o{fi(q,  C2)}j=i},  where,  for  given  re¬ 
ported  costs,  is  the  probability  that  production  alternative  i  is  chosen  by  the 
buyer,  and  tj  is  the  transfer  to  firm  j.  The  production  alternatives,  z  =  0,  1,2,  corre¬ 
spond  to  licensed  production,  firm  1  (developer)  production,  and  firm  2  (second 
source  with  own  technology)  production,  respectively. 


The  First  Best 

Before  examining  the  optimal  contract  under  limited  liability  and  asymmetric  infor¬ 
mation,  we  note  the  properties  of  the  full-information  contract.  Under  the  full- 
information  contract 

(i)  the  most  efficient  form  of  production  is  chosen: 


^0  (^1  ^  ^2 )  " 


if  ^(q,  C2)  <  min{q,  £2}, 
otherwise, 


^1  (q - 


if  q  <  min{C2,^(q,  q)}, 
otherwise. 


<t>2  (^1  >  ^ )  - 


1  if  q  <  min  {q,^(q,  q)}, 
0  otherwise; 


(ii)  the  buyer  pays  the  producer  realized  cost: 


h  ^  ^2 )  “ 


if<t>i  (q,q)  =  1 
otherwise. 


q  if  {j)2  (q ,  q )  =  1 


h  (^1 » ^2 )  "  1 


£(q,q) 


if(t)o  (q,q)  =  1 


0  otherwise; 


(iii)  the  firms  make  zero  profit. 

Because  there  is  full  information,  the  limited-liability  constraint  is  not  binding,  as 
zero  profits  may  be  guaranteed  for  all  outcomes.  The  firms  will  be  willing  to  accept 
the  above  contract,  and  the  buyer  obtains  the  object  at  minimum  (in  this  case,  ac¬ 
tual)  cost.  Any  contract  yielding  a  lower  expected  price  must  necessarily  violate  in- 
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dividual  rationality.  Note  that  if  ^  ( q ,  C2 )  >  min{  q ,  C2 }  for  all  q ,  C2 ,  then  licensing  is 
never  optimal  under  full  information.  We  vdll  see  below  that  even  when  licensing 
would  never  be  optimal  under  full  information,  licensing  maybe  a  desirable  strategy 
by  the  buyer  in  environments  of  asymmetric  information. 

Asymmetric  Information  and  Limited  Liability 

Under  the  assumption  that  the  other  firm  is  truthful,  payoffs  to  each  firm  as  a  func¬ 
tion  of  reported  and  true  costs  are 


ni {Ci^C2  i q )  =  ^1  (^1,^2 )- <t>l iCi^Cz)Ci r 

^2  (^1 » ^2  I  ^^2  )  =  ^  (^1  >  %  ) ”  ^2  (^1  >  %  ^0  (^1  >  ^2  (q ,  ^  , 


where  "  denotes  the  reported  type.  Because  neither  firm  knows  the  other’s  cost 
when  it  must  make  its  report,  it  is  useful  to  consider  the  expected  payoffs  for  each 
firm: 


7i(q  I  q)  =  J^[fi(Ci,C2)-(l)i(Ci,C2)q]di^(C2),  (2) 

7i(q  Ic2)  =  J^^[f2(q,q)-(l)2(q,C2)C2 -(t)o(q,C2)^(q,£:2)]rfii(q).  (3) 

The  mechanism-design  problem  facing  the  buyer  is  given  below  as  program  PI; 

(q . q )]dl\  (q )dl^  (q ) 


subject  to 


njiCj\Cj)>nj{Cj\Cj)ycj,Cj,  (5) 

7ry(ci,C2  lcy)>0,Vq,C2.  (6) 

The  objective  function  is  the  expected  value  of  the  payments  paid  by  the  government 
for  the  procurement.  This  is  minimized  subject  to  constraints  in  Eqs.  (5)  and  (6). 
Constraints  in  Eq.  (5)  ensure  Bayesian  truth-telling.  Constraints  in  Eq.  (6)  represent 
the  limited-liability  constraints  for  all  states  of  nature;  note  that  this  is  not  an  expec¬ 
tation  over  payments,  but  actual  payment. 

Eollowing  Mirrlees  (1971),  Myerson  (1981),  and  others,  we  simplify  the  truth-telling 
and  limited-liability  constraints  and  incorporate  them  into  the  objective  function  to 
ascertain  the  nature  of  the  optimal  auction  to  obtain  our  first  result.  All  results  are 
proved  in  the  appendix. 
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Proposition  1:  The  set  of  {(t>/{ci>C2)}|=o>  which  solve  PI,  is  the  same  as  that  which 
solves  program  P2  below  using  point- wise  minimization  over  the  space  of  probability 
distributions  on  the  production  alternatives: 


min  j  (j)! 

+  (j)2 

^2  r  r  ^ 

+  <1)0 

^(q,  C2)+  4  ^ .  ^-1  1 

A  (q )_ 

L  fl  ). 

u  J2(C2)JJ 

Optimal  payments,  which  correspond  to  the  solution  of  P2,  are  given  by 

h  [CiyC2)-  f  <|)i  (Ca  >  ^2  ^1  (Q  y  ^2  ^ 

h  {.CijC2)=  I  [(|)o  (^^1  >  ^2  )^2  +  ^2  (^1  >  ^2  )]^^2  +  ^2  (^1  >  ^2  ^0  (^1  ^  ^2  ^  ^2 )  *  (9) 

''^2 

Note  that  when  ^  (q ,  C2 )  =  C2 ,  the  proposition  reduces  to  the  standard  auction  result, 
which  may  involve  handicapping  if  the  cost  distributions  differ,  such  as  in  Myerson 
(1981).  When  firm  i  is  chosen  to  produce,  the  transfers  given  in  Eqs.  (8)  and  (9)  indi¬ 
cate  that  the  losing  firm  receives  nothing  (this  is  because  (|)_ /  (q ,  C2 )  =  0  and  the  inte¬ 
grand  in  the  losing  bidder's  transfer  function  is  zero  given  the  monotonicity  of  the 
optimal  choice  functions).  The  transfer  to  the  winner  covers  the  costs  of  production 
and  an  additional  rent  term,  which  indirectly  depends  upon  the  report  of  the  loser 
through  the  effect  of  the  report  on  the  integrand.  The  government  could  alterna¬ 
tively  pay  each  bidder  its  expected  information  rents,  thereby  removing  this  interde¬ 
pendence  of  payments  on  reports,  but  under  such  a  payment  scheme  the  loser  would 
typically  receive  some  rents  as  well  as  the  winner. 

To  understand  the  mechanics  of  this  solution  to  the  optimal  auction,  define  the  fol¬ 
lowing  variables  as  the  virtual  costs  of  each  production  alternative: 


FjiCj) 
fiCi)  ^ 


/-1,2 


Jo  —  ^ (^1 


J^iC2) 


Thus,  the  solution  to  P2  amounts  to  selecting  the  alternative  with  the  minimum 
virtual  cost.  It  will  also  be  useful  for  a  graphical  analysis  to  define  the  following 
state- space  partition  over  the  set  of  all  possible  realizations  of  cost,  where  is  the 
set  of  (q,C2)  such  that  alternative  i  has  the  lowest  virtual  cost.  That  is, 
Q  ^  =  { (q ,  C2 )  I  //  (q ,  C2 )  <  min  (q » ) } .  The  following  corollary  flows  directly  from 
the  definitions  and  the  optimization  of  P2  in  Proposition  1. 

Corollary  1:  The  optimal  auction  consists  of  setting  ({)  /  (q ,  C2 )  =  1  ijfici ,  C2  )g  Q  ^ 
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The  sets  and  represent  cost  realizations  where  licensing,  developer  pro¬ 

duction,  and  second-source  production  are  chosen,  respectively.  Note  that  it  is 
never  strongly  optimal  to  randomize  between  alternatives.  The  payments  that  im¬ 
plement  the  choices  in  P2  are  determined  using  standard  techniques.  In  all  but  the 
worst  states,  the  above  payment  scheme  pays  positive  rents  to  the  firm  chosen  to 
produce,  while  the  other  firm  receives  nothing. 


The  Vedue  of  Technology  Transfers 

The  commitment  to  use  technology  transfers  under  some  cost  realizations  reduces 
ex  ante  information  rents  by  relaxing  firm  2’s  incentive  compatibility  constraints. 
Firm  2  can  “less  easily”  say  that  it  has  high  costs,  because  the  buyer  can  always 
transfer  firm  I's  technology  for  it  to  produce. 

To  understand  the  intuition  behind  the  optimal  auction,  consider  the  following  polar 
case:  ^(q,C2)=  q.  That  is,  firm  Ts  technology  is  completely  and  costlessly  trans¬ 
ferred  under  licensing  to  firm  2.  For  symmetry  in  this  case,  also  assume  that  tech¬ 
nology  can  be  transferred  from  firm  2  to  firm  1,  completely  and  costlessly.  Now  a 
buyer  may  offer  the  following  contract  to  extract  fully  the  rent:  If  q  <  ^2  >  transfer  firm 
Ts  technology  to  firm  2  and  have  firm  2  produce  the  project  using  firm  Ts  technol¬ 
ogy  for  payment  q ;  if  q  >  C2 ,  vice  versa.  Under  this  scheme,  neither  firm  has  an  in¬ 
centive  to  lie  and  the  buyer  completely  extracts  the  information  rents.  Moreover,  this 
scheme  does  not  require  firms  to  know  each  other’s  cost  at  the  time  of  bidding. 

Returning  to  our  one-way  technology  transfer  environment,  transfers  of  technology 
under  the  optimal  contract  are  ex  ante  optimal  whenever  ( q ,  q )  e  .  An  interesting 
question  regards  the  determination  of  this  region.  Essentially,  the  buyer  trades  off 
the  costs  of  inefficient  licensing  against  the  gain  in  reduced  information  rents.  This 
is  easily  seen  in  the  following  proposition. 

Proposition  2:  The  ex  ante  expected  gain  to  the  buyer  from  a  policy  of  optimal 
licensing  is  given  by 


in? 


(mci)  ,  Pzi.C2) 


\dl{  (q  )dF2  (C2 )  +  Lo  G  -  ^2)4!^  (^1  (^2 ) 

•’^2  fliOl) 


G(q) qi)—  Ci)dF[ (Ci)dl^  J^o  GCq C2)dF\  (q)<ii^  (<^)> 


where  is  the  licensing  region  where  alternative  i  would  have  been  chosen  if  li¬ 
censing  were  not  available;  i.e.,  s  {(q,C2)l /o(q,C2)<  /i(q,C2)<  /_,(q,C2)}. 

The  proposition  identifies  two  effects.  The  first  two  terms  represent  the  gain  to  the 
buyer  from  information  rent  reductions.  The  last  two  terms  represent  the  cost  inef¬ 
ficiencies  to  the  buyer  firom  deciding  on  an  inefficient  production  technique.  The 
optimal  contract  can  be  reformulated  as  one  in  which  Qp  maximizes  the  sum  of  the 
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terms.  If  no  exists  such  that  the  sum  is  positive,  the  optimal  contract  does  not 
entail  licensing  for  any  realization  of  costs.  This  suggests  a  corollary. 

Corollary  2:  If  ^(q,C2)  =  A.q  +  (l-A,)C2+Y,A,G  (0,1),  and  the  sellers'  cost  distributions 
are  symmetric  on  [  c,  c],  then  an  optimal  auction  will  transfer  technology  with  posi¬ 
tive  probability  if 


X  > 

If  costs  are  distributed  uniformly  on  [c,  c],  then  the  optimal  contract  will  utilize 
transfers  if  c)>  y  . 

This  result  is  in  contrast  to  the  result  in  Riordan  and  Sappington  (1988)  who  find  in 
their  model  without  limited-liability  constraints  and  without  commitment  that 
second- sourcing  is  rarely  optimal.  Because  Riordan  and  Sappington  do  not  assume 
limited  liability,  the  firms  compete  away  expected  information  rents  at  the  initial 
symmetric  information  stage,  so  there  is  no  information-rent  problem.  The  gains 
from  technology  transfer  in  their  model  do  not  derive  from  reductions  in  information 
rents  but  from  production  enhancement:  The  government  introduces  less  distortion 
in  its  decision  of  whether  to  produce  at  all  if  a  second  source  exists  as  an  alternative. 
This  latter  effect  is  absent  in  the  present  model  because  we  have  assumed  for 
tractability  that  the  government  always  procures  the  object — otherwise,  we  would 
find  an  additional  positive  term  in  Proposition  2,  providing  another  gain  to  technol¬ 
ogy  transfers. 

An  Example 

Consider  the  following  linear  cost  model  with  uniform  distributions  on  [0,1] .  That  is, 
let  FfiCf)  -  Cf,  i=l,2,andlet  £(q,C2)  =  ^q  +  (1-^)C2 +Y-  Thus,  the  virtual  costs  are 
given  by  /o(q,C2)  =  ^q+2(l-A,)C2+Y  and  /j(q,C2)  =  2q-,  i=l,2.  For  the  initial  case, 
we  make  the  further  simplifying  assumptions  that  ^  =  1  /2  and  y  -  0.  The  optimal  par¬ 
tition  over  [0,1]  is  graphed  in  Figure  6.1a  as  the  projection  of  the  minimum  virtual 
cost  onto  the  cost  space. 

The  diagram  indicates  that  when  cost  reports  are  relatively  close,  licensing  is  chosen. 
Intuitively,  if  the  cost  reports  are  relatively  close,  the  licensing  cost  does  not  differ 
significantly  from  either  the  developer  or  second-source  production,  so  there  is  little 
cost  inefficiency  from  licensing.  If  firm  2  has  a  relatively  low  cost,  it  is  expensive  for 
the  buyer  to  make  the  second  source  use  the  inefficient  licensed  technology  rather 
than  its  own.  Similarly,  if  firm  1  has  a  relatively  low  cost,  it  is  productively  inefficient 
to  license  technology  to  firm  2,  since  firm  1  is  a  superior  producer.  As  costs  become 
close,  the  losses  in  production  inefficiencies  shrink  to  zero  and  are  offset  by  the  gains 
from  reduced  information  rents. 
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0.2  =  Second-source  production 


Figure  6. 1 — Optimal  Auctions 


We  would  expect  the  introduction  of  a  fixed  cost  for  transfer  to  increase  the  produc¬ 
tive  inefficiencies  associated  with  licensing,  and  consequently  the  state  space  associ¬ 
ated  with  licensing  to  shrink.  To  see  the  effect  of  a  transfer  cost,  consider  fixed 
licensing  costs  of  y  =  1/8  as  in  Figure  6.1b.  The  licensing  region  has  decreased 
substantially.  As  Corollary  2  predicts,  if  ^(ci,C2)=A,q +  (1-X)C2 +y  and  costs  are 
symmetrically  and  uniformly  distributed  on  [0,1],  then  there  is  no  gain  to  licensing 
when  y  >  A,.  As  y  increases  to  A,  =  1 12,  the  optimal  licensing  area  shrinks  to  zero. 
More  generally.  Proposition  2  indicates  that  an  increase  in  ^(q,C2)  (holding  ^2.  q. 
and  q  fixed)  will  reduce  the  probability  of  licensing  and,  if  the  increase  is  sufficiently 
large,  will  eliminate  its  use  altogether.  Mathematically,  the  costs  of  licensing  (the 
latter  terms  in  Proposition  2)  increase  while  the  benefits  (the  former  terms)  remain 
unchanged. 

4.  MORAL  HAZARD 

We  naturally  expect  that  in  some  situations  where  the  initial  agent  (the  developer) 
must  make  unobservable  investments  in  reducing  the  marginal  cost,  q ,  of  the  final 
product,  a  policy  of  expropriating  information  via  technology  transfer  would  induce 
significant  moral  hazard.  If  the  buyer  can  freely  transfer  the  design  to  a  second 
source  to  produce,  the  primary  agent  may  have  less  incentive  to  reduce  the  marginal 
cost  of  production. 
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The  Problem  of  Moral  Hazard 

This  section  extends  the  previous  analysis  by  incorporating  moral  hazard  on  the  part 
of  the  primary  agent.  We  model  this  extension  by  assuming  that  the  primary  agent 
(the  developer)  may  make  cost-reducing  investments.  The  question  we  ask  is 
whether  the  buyer  will  find  it  optimal  to  favor  the  developer  for  cost-reducing  in¬ 
vestments  in  the  award  of  the  production  contract,  and  if  so,  how? 

As  before,  the  approach  we  take  is  one  of  full  commitment  by  the  buyer  and  limited- 
liability  constraints  for  the  sellers.  Initially,  the  buyer  proposes  a  contract  to  the  two 
sellers,  which  is  accepted  if  it  guarantees  each  nonnegative  profit.  Following  the  of¬ 
fer  the  developer  chooses  cost-reducing  investment,  e.  This  investment  stochasti¬ 
cally  shifts  (in  a  first-order  sense)  the  distribution  of  the  developer’s  production 
costs,  q,  and  thereby  improves  the  licensed  cost  of  production  as  well.  After  in¬ 
vestments  have  been  made,  costs  of  production  are  drawn  by  each  firm  from  known 
distributions,  with  each  firm’s  actual  cost  being  observed  only  by  that  individual 
firm.  The  sellers  then  report  their  costs  to  the  government.  The  government  follows 
the  agreed-upon  contract  and  awards  the  production  decision  and  payments  condi¬ 
tional  on  the  project's  valuation  and  the  cost  announcements. 

The  resulting  optimal  contract  is  found  to  be  a  variation  of  the  classical  optimal  auc¬ 
tion  design,  which  awards  production  to  the  most  favorable  virtual  type.  Under 
moral  hazard,  we  find  that  the  developer's  virtual  type  has  an  additional  term  which 
decreases  in  production  cost  in  a  manner  closely  akin  to  the  sharing  rule  in 
Holmstrom  (1979).  This  suggests  that  in  the  stochastic  cost-investment  model,  we 
would  expect  a  discriminating  auction  to  be  used  which  may  additionally  favor  the 
developer  depending  upon  the  resulting  cost  realizations. 

The  Model  vdth  Moral  Hazard 

The  cost  to  firm  2  of  producing  with  firm  I’s  technology  is  as  before.  The  cumulative 
distribution  function  for  the  developer’s  cost  is  now  given  by  I\  (q  I  e),  and  it  is  as¬ 
sumed  that  effort  leads  to  a  first-order  stochastic  improvement  in  the  distribution  on 
costs.  For  tractability,  we  will  assume  that  I\  (c^ !  e)  satisfies  the  Concave  Distribution 
Function  Condition  (CDFC),  d^Fiici  I  e)lde^  <  0,  which  ensures  us  that  the  first- 
order  approach  to  the  principal-agent  problem  is  valid.^ 

The  cost  to  the  developer  for  value- enhancing  effort  is  given  by  \|/(e),  where  \|/(e)  is 
increasing,  strictly  convex,  \|/'"(e)>0,  \i/(0)  =  \|/'(0)  =  v|/"(0)  =  0,  and  \[/Cl)  =  oo, 

For  simplicity  in  analyzing  the  moral  hazard  case,  we  assume  that  the  government 
chooses  from  one  of  two  possible  production  alternatives:  (i)  licensed  production;  or 


^In  addition  to  CDFC,  a  monotone  likelihood  ratio  condition  is  usually  required  in  pure  moral  hazard 
settings  to  assure  that  the  agent's  payoffs  are  monotonic  in  outcome.  See  Grossman  and  Hart  (1983)  and 
Rogerson  (1985)  for  proofs  of  this  proposition.  (We  use  concavity  in  distributions  rather  than  convexity  eis 
in  Grossman  and  Hart,  because  higher  costs  are  considered  undesirable  in  our  model.)  With  adverse 
selection,  incentive  compatibility  requires  that  7r(q)  be  nonincreasing,  and  so  we  do  not  need  an 
additional  MLRP  condition  for  sufficiency  in  the  first-order  approach.  We  may,  however,  have  to  solve  the 
buyer's  program  subject  to  monotonicity  of  n  in  costs. 
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(ii)  developer  production;  for  simplicity,  we  ignore  production  by  the  second  source 
using  its  own  technology.  Along  with  the  production  decision,  the  government  de¬ 
termines  payments  to  each  firm  based  upon  their  cost  reports.  Again  the  crucial 
constraint  is  that  the  government  must  guarantee  nonnegative  profits  for  both  pro¬ 
ducers  for  all  possible  realizations  of  cost. 

The  Optimal  Contract  Under  Moral  Hazard 

The  class  of  mechanisms  considered  is  given  by  M'  =  C2)}  }, 

analogous  to  before.  The  production  alternatives,  i-  0,1,  correspond  to  licensed 
production  and  developer  production,  respectively. 

The  Choice  of  Investment.  Consider  first  the  investment  decision.  Given  the  as¬ 
sumptions  regarding  the  distribution  of  costs,  the  developer's  choice  of  effort  solves 

max  [|[Vi(q,C2)rfF{c2Wii(q  le)-\|i(e). 

ee[0,l]*^0J0 

We  can  more  simply  characterize  the  solution  to  this  program  in  the  following 
lemma. 

Lemma  1:  A  necessary  and  sufficient  condition  for  the  agent's  optimal  effort  deci¬ 
sion  is 


(q  I  e)dF^  (q )  =  v|/'(e). 

fi  (Cl  I  e)  \ 


(10) 


General  Solution  to  the  Contracting  Problem.  Having  characterized  the  effort  cho¬ 
sen  by  the  developer  for  a  given  contract,  we  compute  the  buyer's  optimal  contract 
in  the  presence  of  moral  hazard.  To  do  so  we  simply  append  to  the  buyer's  problem 
the  additional  condition  from  Lemma  1  to  endogenize  the  investment  decision.  Call 
this  program  P3,  and  let  p  represent  the  Lagrange  multiplier  associated  with  the  in¬ 
vestment  constraint.  Proposition  3  below  provides  the  equivalence  of  P3  with  a 
simple  point- wise  minimization  problem. 

Proposition  3:  Assume  that  I  e)/  fiici  I  e)  is  nondecreasing  in  Ci,  Fiici  I  e)l 

fiici  I  e)is  nonincreasing  in  e,  and  1  0)  =  d^F^ici  I  0)1  fiiCi  I  0)]/ae  =  0.  The 

set  of  {(|)i  (q ,  C2 )}  ["0 »  which  solves  P3,  is  the  same  as  that  which  solves 


min<^(t)i 


^  ,  Ji(qlg)  li,e(Cilg) 
^  /i  (q  \e)  ^  /i  (q  I  e) 


+‘t’o 


^(q,C2)+^2 


^(C2) 

f2iC2). 


using  point-wise  maximization,  where  e  is  the  buyer’s  expectation  of  firm  I’s  effort 
(which  is  correct  in  equilibrium)  and  p  >  0.  The  level  of  effort,  e,  induced  by  the 
buyer  satisfies  Eq.  (10),  and  a  set  of  optimal  transfers  are  given  by 
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fi  (Cl ,  C2 )  =  (j)i  (q ,  C2  (C2 )  +  <1)1  (q ,  C2  )q  +  y  (e), 

h  (^1  >  ^2 )  '  f  ^0  (^1  ^  ^2  )^2^^  fcl  I  +  00  (^1  >  ^  )^(^1  >  ^2  )* 


The  assumptions  for  the  proposition  regarding  the  monotonicity  of  /  fi  in  ci  and 
Fi  I  fi  in  e  are  satisfied  if  e  has  more  effect  on  reducing  higher  cost  levels  and  the 
developer  cannot  increase  information  rents  (i.e.,  the  inverse  hazard  rate)  by 
increasing  investment. 

The  solution  to  the  principal's  problem  has  the  same  nature  as  the  optimal  auction 
without  moral  hazard,  except  that  the  state-space  partition  over  firm  production  has 
been  changed  in  an  important  way — it  now  depends  more  importantly  upon  the 
realization  of  the  developer's  cost.  Consider  the  developer's  virtual  cost  to  the  buyer: 


h  (Q  ,  ^2 )  =  q  + 


pLic^\e) 

/i(qle)  ^  /i(ql^)* 


There  is  an  additional  term  in  the  virtual  cost  that  was  not  present  before,  which  is 
very  similar  to  the  optimal  sharing  rule  in  Holmstrom  (1979).  This  new  term  repre¬ 
sents  an  additional  reward  for  cost  reduction  that  the  developer  receives  through  de¬ 
partures  from  bidding  parity  in  the  auction  for  production.  This  additional  term 
serves  to  increase  the  sensitivity  of  the  developer’s  virtual  cost  by  increasing  the 
marginal  effect  of  a  reduction  in  q  and  thereby  increasing  (q).  Furthermore,  we 
know  that  the  moral  hazard  term  fi  must  be  nonpositive,  indicating  that  the 
developer  is  favored  in  the  auction.  Of  course,  the  buyer  realizes  the  developer  did 
not  shirk  under  the  optimal  scheme,  but  nevertheless  the  buyer  must  commit  to 
"overreward"  the  developer  for  low  costs  if  it  wishes  to  maximize  surplus  from  an  ex 
ante  point  of  view. 

The  additional  term  in  the  virtual  cost  of  the  developer  reflects  the  interdependence 
of  the  moral  hazard  and  adverse  selection  problems  in  this  model.  Rewards  for  low 
costs  are  accomplished  by  appropriately  tilting  the  incentive  scheme.  Unlike 
Holmstrom,  in  our  case  rewards  are  made  by  changing  the  probability  of  winning  the 
auction  rather  than  through  lump-sum  payments  since  q  is  not  contractible. 

5.  CONCLUSIONS 


The  immediate  implications  of  our  analysis  suggest  that  a  policy  of  technology 
transfer  is  a  useful  device  for  reducing  information  rents  in  defense  procurement. 
Indeed,  it  may  be  optimal  to  switch  to  a  possibly  inefficient  bidder,  ex  post,  to  reduce 
rents,  ex  ante.  Additionally,  no  information  of  the  developer  needs  to  be  known  by 
the  second  source  for  such  a  transfer  to  yield  benefits  for  the  government. 

Although  the  contributions  of  this  paper  are  not  restricted  to  defense  procurement, 
transferring  information  is  not  always  possible  in  other  auction  contexts.  For  exam¬ 
ple,  in  the  traditional  private-values  auction,  the  auctioneer  cannot  transfer  the  sub- 
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jective  valuation  of  a  painting  from  one  bidder  to  another.  Nonetheless,  in  many 
contexts  such  as  defense  procurement,  the  transfer  of  information  is  a  real  possibility 
because  such  information  is  embodied  in  tangible  assets.  As  another  example,  fol¬ 
lowing  Laffont  and  Tirole  (1988a),  consider  managerial  takeover  in  this  framework. 
Suppose  that  the  incumbent  managerial  team  secures  profit  for  its  stockholders  fol¬ 
lowing  a  particular  profit  plan.  Later,  a  raider  appears  who  may  be  employed  to 
takeover  the  current  management  team  and  either  institute  its  own  profit  strategies, 
or  continue  with  its  predecessors’  plans  (i.e.,  plans  are  transferable).  In  such  a  situa¬ 
tion,  takeovers  may  discipline  incumbent  management  via  threatened  expropriation 
of  managerial  rents.® 

Related  to  our  work  is  that  of  Riordan  and  Sappington  (1989).  They  consider  a  model 
of  effort-enhanced  value,  in  their  no-commitment,  unlimited-liability  environment. 
Because  the  buyer  cannot  commit,  the  developer  can  expect  the  buyer  to  behave  op¬ 
portunistically  after  investment  is  sunk.  Under  this  framework,  the  inability  to 
commit  not  to  use  a  second  source  leads  to  inefficient  investment  in  most  plausible 
cases.  If  commitment  were  possible,  the  government  could  promise  to  purchase  the 
product  at  a  price  equal  to  its  valuation  and  let  the  potential  sellers  bid  away  the  ex¬ 
pected  information  rents  ex  ante  in  the  competition  for  the  development  contract  at 
the  symmetric  information  stage.  In  this  paper,  the  limited-liability  constraint  im¬ 
plies  that  any  gain  from  information  rent  reduction  is  a  direct  gain  to  the  buyer.  The 
tradeoffs  involved  are  very  different. 

Laffont  and  Tirole  (1988a)  also  consider  a  dynamic  adverse-selection/ moral-hazard 
framework.  They  find  that  if  investment  is  completely  transferable  from  the  devel¬ 
oper  to  the  second  source,  the  buyer  would  do  best  to  commit  to  favor  the  developer 
at  the  competition  for  determining  the  producer.  The  results  are  similar  in  that  bid¬ 
ding  parity  is  disposed  of  to  provide  incentives  for  value-enhancing,  transferable  in¬ 
vestment. 

APPENDIX 

Proof  of  Proposition  1:  The  proof  of  Proposition  1  proceeds  with  three  lemmas. 
Lemma  A.l  establishes  necessary  and  sufficient  conditions  for  truth-telling  (Eq.  (5)) 
and  interim  individual  rationality  (HR),  a  weaker  constraint  than  Eq.  (6);  the  HR  con¬ 
straint  is  given  by: 


n  j{,Cj\Cj)>0,  \/Cj,  j-1,2. 


®In  the  context  of  managerial  incentives,  Scharfstein  (1988)  examines  the  disciplinary  role  of  a  corporate 
raider  who  is  informed  of  the  firm’s  true  value,  and  finds  that  such  an  informed  raider  both  induces 
incumbent  managers  to  work  harder  and  reduces  their  information  rents.  His  model  is  closely  analogous 
to  this  paper  in  that  the  firm  value  (known  by  the  incumbent  managers)  transfers  completely  to  the  raider 
if  there  is  a  takeover.  This  paper  suggests  that  while  a  raider  is  more  effective  in  reducing  information 
rents  if  it  knows  the  incumbent’s  information,  there  is  nonetheless  a  positive  role  for  uninformed  raiders 
in  reducing  information  rents.  There  is  no  requirement  that  the  alternative  agent  have  any  ex  ante 
knowledge  of  the  primary  agent’s  cost  realization  for  information  rents  to  be  reduced. 
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Lemma  A.2  establishes  that  the  modified  program  of  minimizing  Eq.  (4)  over  these 
new  conditions  is  equivalent  to  solving  P2  point-wise.  Finally,  Lemma  A.3  shows  that 
a  particular  solution  to  the  modified  program  is  "equivalent”  to  the  solution  of  PI. 

For  notational  convenience,  we  will  sometimes  denote  a  function  that  has  had  ex¬ 
pectations  taken  over  one  argument,  as  a  function  of  only  the  single  remaining  ar¬ 
gument.  For  example,  (l)i(ci)  s  jQ(t)i(ci,C2)<iF2(c2),  etc. 

Lemma  A.  1:  Incentive  compatibility  (IC)  and  HR  hold  if  and  only  if 


7ti  (q  I C2 )  =  Jii  (1 1  l)-i-  (t)i  (q  )rfq ,  (11) 

/•I 

^2  (^2  I  ^^2 )  "  ^2  &  ^  [^2  (^2  )  4^0  (^2  ^^2  ^^2  > 

JC2 

(|)l  (q)>  ((>1  (C|),  >  Cj,  (13) 

^2  (^2)^2  -4^2  ^  ^2>  (1"^) 

TC,ail)>0,  f=l,2.  (15) 


Proof:  Necessity:  Consider  firm  1.  IC  and  the  definition  of  (q  I  q )  implies 


7Ti(q  IC2)>7ri(q  lq)  =  7ti(q  I  q)-(j)i  (q)(q  -  q). 


Rearranging  and  reversing  the  roles  of  q  and  q  yields 


-ct)i(q)(q  -  q)>  7Ci(q  lq)-7ri(q  lq)>-  c])!  (q)(q  -  q), 


which  implies  Eq.  (13).  Without  loss  of  generality,  take  q  >  q,  divide  by  (q  -  q), 
and  take  the  limit  as  q  — >  qto  obtain 


dill  (q  I  q ) 
dci 


-(j)l  (q). 


Since  ni  (q)  is  monotonic,  it  is  Riemann  integrable,  thus  implying  Eq.  (11).  Finally, 
IR  clearly  implies  Eq.  (15).  A  similar  series  of  arguments  establishes  the  necessity  of 
Eqs.  (12),  (14),  and  (15)  for  firm  2. 

Sufficiency:  Again  consider  firm  1.  By  definition  of  Ui  (q  I  q),  we  have 


7ti(q  lq)  =  7ii(q  I  q)~(t)i(q)(Ci  -  q). 


Condition  (11)  implies 
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Ki  (q  I  q )  =  Jii  (q  I  q )  +  ^  t|)i  (q )  -  (()i  (5)1  ds. 

JCi 

But  by  condition  (13),  the  integral  is  nonnegative,  giving  us  incentive  compatibility 
for  firm  1.  A  similar  series  of  arguments  establishes  the  incentive  compatibility  for 
firm  2  using  Eqs.  (12),  (14),  and  (15).  IR  follows  immediately  for  both  firms  from 
conditions  (11),  (12),  and  (15). 

Lemma  A.2:  The  set  of  {(l)j(q,  C2)} /,  which  solves  the  modified  HR  program,  is  the 
same  as  that  which  solves  P2  below  using  point-wise  minimization  over 

minLf q  +  +  Jc2+  4^1  +  -  ^2 )  +  ^2  4^1|- 

4  /2(^2)J  4  "/2(C2)JJ 

Proof:  The  modified  program  is  formally  given  by 

min  { ti  (q ,  C2 )  -1-  f2  (<1 ,  C2 )  1  dF\  (q  )dl^  (C2 ) 

jVf  •'U 

subject  to  IC  and  HR.  Substituting  out  ti  (q ,  C2 )  in  the  objective  function  yields  as  the 
minimand 

io  L  >  ^2 ) + ^2  (^1 » ^2 ) + ^1  (^1  >  ^2  )^i 

"•"^2  (^1 » ^2  ^0  (^1  >  ^2  (^1  >  ^2  (^1  (^2  )• 

Integrating  by  parts  and  using  Lemma  A.l,  we  can  simplify  this  expression  to  obtain 
the  following  objective  function: 

min  l^t^i  (q  1^2)  ^1  +  +  ^2  (q »  C2  {  q  +  ^  —  - 

+<(>0  (^1 »  ^  (q  ,  C2 )  +  ^2  +  Kj  (1  I  1)  +  712  (1  II)  (Q  {^2  )  • 

I  J2(^2)j  J 

We  want  to  minimize  this  subject  to  conditions  (13)  to  (15).  Rather  than  minimize 
subject  to  the  monotonicity  constraints,  we  will  ignore  them  for  now,  and  check  our 
solution  for  their  satisfaction. 

Choosing  the  optimal  (|)i(q,  C2)  while  ignoring  the  monotonicity  constraints  for  the 
above  integrand  amounts  to  point-wise  minimization  of  the  bracketed  expression 
over  {(|)j}i. 

To  complete  the  lemma,  we  must  show  that  the  monotonicity  conditions  (13)  and 
(14)  hold.  It  is  sufficient  for  monotonicity  that  (t)i(q>  (^)  is  nonincreasing  in  q  and 
that  both  (^2  ^2)  (|)o  (q,  q)  are  nonincreasing  in  C2.  Given  <1,  and  given 

our  assumptions  regarding  the  cost  distributions,  this  is  indeed  the  case. 
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Finally,  we  show  that  a  solution  to  the  relaxed  HR  problem  satisfies  limited  liability. 

Lemma  A.3:  The  following  payments  implement  the  optimal  (q ,  C2 )}  j  for  the  re¬ 
laxed  HR  program  and  satisfy  the  limited  liability  constraints: 

?!  (q )  q )  =  f  <|)i  is)ds + (j)i  (q ,  q  )q , 

Jci 

f2(q,C2)=  {(|)2(s)+(t)o(5)f2W5+‘l>2(Cl,q)C2 -f-<t)o(Cl,C2)f{q,C2). 

JC2 

Proof:  Substituting  the  above  payments  into  Eqs.  (11)  and  (12)  in  the  text  demon¬ 
strates  that  the  payments  maintain  incentive  compatibility  by  Lemma  A.l.  Also,  the 
payments  clearly  meet  the  limited  liability  constraint,  as  the  integrals  in  the  above 
expressions  are  never  negative  for  any  cost  realization.  Finally,  there  do  not  exist  any 
other  payments  with  lower  expected  value  to  the  buyer.  This  last  point  is  evident 
from  Lemma  A.2. 

The  transfers  are  determined  directly  from  Lemma  A.3. 

Proof  of  Proposition  2:  The  result  follows  from  noting  that  the  gain  from  licensing  is 
the  expected  reduction  in  virtual  cost  from  licensing  over  a  standard  optimal  auction 
without  technology  transfer.  Since  chosen  virtual  costs  are  only  changed  over 
we  take  expectations  over  this  space.  The  expression  immediately  follows. 

Proof  of  Lemma  1:  The  first-order  condition  for  the  solution  is 

le)dqrfJ^(c2)-y/'(c)  =  0.  (16) 

A  sufficient  condition  for  a  maximum  is  that 


rl  rl 

Jo  Jo  "i  (^1  -  ^2 )  .^,ee  (Cl ,  e)<iq  dF^  {cz )  -  A|/"(e)  <  0, 

for  all  e.  Integrating  this  expression  by  parts,  and  noting  that  Lemma  A.l  from  above 
implies  37Ci(ci,C2)/3c2  =  -(t)i(ci,C2),yieldsanequivalentcondition, 


Jo  C2)fi,ee(q  I  e)]o Jo cj)!  (q ,  C2)-(l,ee(Ci  I  c)rfqrf/5  -  X|/"(e)  <  0, 


where  e  subscripts  denote  partial  derivatives  with  respect  to  e.  CDFC  and  the  strict 
convexity  of  \|/(e)  assures  us  that  the  second-order  condition  for  a  maximum  holds, 
thus  Eq.  (16)  is  both  necessary  and  sufficient.  Integrating  by  parts  yields: 


37ti(q,C2)FL,e(Ci  Ic) 
dq  fi  (q  I  e) 


dl\  (q  1  e)dF2  (c2)-v|/'(e)=  0. 


Substituting  from  Lemma  A.l  in  the  appendix  gives  us  the  desired  result. 
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Proof  of  Proposition  3:  The  moral  hazard  problem  amounts  to  minimizing  the  ex¬ 
pected  cost  of  the  buyer’s  expected  payments,  subject  to  the  investment  constraint 
given  in  Eq.  (10).  We  can  now  summarize  the  new  program  as  P3. 


rninf'f' 


(Cl , C2 )7i (q , C2 )-\]f{e)\dl\ (q  I e)dF^  ), 


(17) 


subject  to  monotonicity  in  $i(Ci)  and  to  Eq.  (10),  where  the  /, (01,02)  are 

the  virtual  types  for  the  moral  hazard  problem  as  defined  in  the  text.  As  before,  we 
ignore  the  monotonicity  constraints  and  check  that  our  solution  satisfies  them. 

Given  our  assumption  that  i|r(l)=oo,  we  know  by  Eq.  (10)  that  e  <  1.  Let  p  be  the 
Lagrange  multiplier  associated  with  the  constraint  in  Eq.  (10)  and  suppose  for  the 
moment  that  p  >  0.  Minimizing  the  Lagrangian  taking  the  optimal  choice  of 
•I*!  (q  >  ^ given,  effort  is  chosen  such  that  either 


£lo<i>i(q.c2) 


/l(qia 


JoJo<t>i(q,C2)— 


lj  (q  lo) 

^(q  lo) 


^<1)1  (Ci,r2)7,- (01,(2) 
i=0 


fi  (q  I  e)dcidF2  (02 )- \|r"(o)| 
fliq\e)dI^(C2) 

fl  eici  \e)dcidl^(,C2), 


(18) 


where  /i(ci,C2)  =  Ci  -i-Fi(ci  I  o)//i(oi  I  o)-tp[Fig(ci  I  o)//i(ci  I  0)]  and7o(ci,C2)  =, 
€(01,02) +  0=0.  By  our  assumptions  on  Fand  \|/,  the  marginal 

benefit  from  e  is  positive  at  e  =  0,  and  so  we  know  e  e  (0,1)  and  Eq.  (18)  holds. 

Now,  given  that  e  is  optimally  set  at  e  and  given  the  value  of  p  >  0,  we  may  solve  for 
the  optimal  (j)  ,■  (Ci ,  <2 ) .  Bringing  the  investment  constraint  within  the  objective  func¬ 
tion  yields 


|s^i(‘i’^2)/i{q.^^)|4^(q  I  e)d/^((2)-pv'(o)-v|/(o). 


But  the  solution  to  the  minimum  of  this  expression  is  identical  as  the  point-wise 
minimum  of 


q  + 


ijfq  lo) 

^(qle)  ^^(qlo) 


+  <t>o 


€(Ci,  (2)  +  €2 


The  problem  is  therefore  as  in  the  proposition.  Providing  that  p  >  0,  the  virtual  costs 
are  appropriately  monotone  in  costs  so  as  to  satisfy  the  additional  monotonicity  con¬ 
straints.  Finally,  p  >  0  holds,  since  the  developer  will  ignore  the  positive  externality 
that  effort  has  on  reducing  licensed  costs.  Thus,  the  purchaser  will  always  prefer 
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more  effort  than  the  developer  is  willing  to  provide,  and  the  constraint  must  bind 
with  a  positive  multiplier. 


Chapter  Seven 

CONSTRUCTING  INCENTIVE  SCHEMES  FOR  GOVERNMENT 
CONTRACTS:  AN  APPLICATION  OF  AGENCY  THEORY 

_ by  Stefan  Reichelstein^ 


1.  INTRODUCTION 

In  recent  years,  the  agency  paradigm  has  become  central  to  theoretical  research  in 
managerial  accounting.  Empirical  research  in  the  area  of  executive  compensation 
has  tested  the  consistency  of  agency  model  predictions  with  observed  compensation 
data.2  However,  it  seems  difficult  to  trace  specific  instances  where  results  and  in¬ 
sights  obtained  from  agency  models  have  affected  actual  management  practice.^ 
This  paper  describes  one  such  instance  in  the  context  of  government  contracting, 
showing  how  agency  theory  was  used  to  design  incentive  contracts. 

The  research  reported  here  was  initiated  by  the  German  Department  of  Defense 
(GDOD).  The  department  commissioned  a  study  to  examine  the  applicability  of  a 
class  of  incentive  schemes  subsequently  referred  to  as  budget- based  schemes^  To 
implement  these  schemes,  the  GDOD  expressed  interest  in  a  constructive  procedure 
that  would  derive  suitable  budget-based  schemes  for  specific  procurement  projects. 
I  describe  such  a  procedure  and  discuss  a  number  of  institutional  factors  that  af¬ 
fected  the  way  the  budget-based  schemes  were  applied  to  two  pilot  projects  in  Ger¬ 
many. 


^This  paper  is  reprinted  from  Stefan  Reichelstein,  “Constructing  Incentive  Schemes  for  Government 
Contracts:  An  Application  of  Agency  Theory/'  The  Accounting  Review,  Vol.  67,  No.  4,  October  1992. 
Copyright  ©  1992  by  The  American  Accounting  Association.  Used  by  permission.  I  would  like  to  thank 
Messrs.  Kempf,  Hartkorn,  and  Eppler  of  the  German  Department  of  Defense  for  giving  me  an  introduction 
to  defense  procurement  policies  in  Germany.  In  addition,  this  paper  has  benefited  from  comments  by 
seminar  participants  at  the  University  of  California  at  Berkeley,  the  University  of  California  at  Davis, 
Stanford  University,  RAND,  and  the  U.S.  Air  Force  Academy. 

^See,  e.g.,  Lambert  and  Larcker  (1987),  Antle  and  Smith  (1986),  and  Rosen  (1990).  Wolfson  (1985) 
examines  the  extent  to  which  sharing  rules  employed  by  oil  and  gas  partnerships  reflect  agency  problems. 

^Johnson  and  Kaplan  (1987,  p.  175)  express  particular  pessimism  about  the  practical  relevance  of  agency 
theory.  They  state  that,  “because  of  mathematical  difficulties  and  the  consequent  lack  of  realism  of  the 
models  and  their  assumptions,  the  potential  for  agency  theory  research  to  inform  or  even  understand 
managerial  accounting  practice  will  likely  be  realized,  if  at  all,  only  many  years  in  the  future.” 

"^The  budget-based  schemes  belong  to  the  larger  category  of  menus  of  linear  contracts,  studied  extensively 
in  the  literature  (see,  e.g.,  Laffont  and  Tirole,  1986;  McAfee  and  McMillan,  1987;  Rogerson,  1987;  Melumad 
and  Reichelstein,  1989;  Picard,  1987;  and  Baron  and  Besanko,  1987b,  1988).  The  models  in  those  studies 
pertain  to  a  variety  of  economic  contexts,  including  procurement  contracting,  regulation,  and  per¬ 
formance  evaluation  of  managers  within  firms. 
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Traditionally,  government  contracts  under  sole-source  conditions  have  been 
awarded  either  as  fixed-price  or  cost-plus  contracts.  The  use  of  fixed-price  contracts 
has  been  confined  to  projects  with  relatively  few  technological  and  economic  uncer¬ 
tainties.  With  such  uncertainties,  fixed-price  contracts  are  unattractive  from  a  risk¬ 
sharing  perspective.  Yet,  even  with  a  risk-neutral  contractor  (because  of  size  and  di¬ 
versification)  governments  are  typically  reluctant  to  sign  fixed-price  contracts  when 
there  are  major  informational  asymmetries.  If  the  government  is  relatively  ignorant 
about  inputs  and  resources  required  for  the  project,  it  will  have  difficulties  disputing 
the  firm’s  ex  ante  cost  calculation.  As  a  consequence,  the  firm  earns  an  informa¬ 
tional  rent;  that  is,  the  firm  will  extract  a  higher  price  than  it  would  have  if  the  gov¬ 
ernment  had  shared  the  firm’s  knowledge  and  expertise. 

Cost-plus  contracts  avoid  the  problem  of  overpayment,  but,  as  has  been  well  docu¬ 
mented,  the  government  subjects  itself  to  the  problem  of  cost  padding.  To  limit  the 
negative  incentives  of  cost-plus  contracts,  it  has  become  common  practice  in  the 
United  States  to  replace  standard  cost-plus  contracts  with  cost-plus-fixed-fee  con¬ 
tracts,  so  that  the  firm’s  profit  allowance  is  fixed  rather  than  being  proportional  to 
actual  project  costs.^  In  recent  years,  there  has  been  an  increasing  trend  in  the 
United  States  to  provide  positive  incentives  for  cost  control  by  using  cost-plus-incen¬ 
tive-fee  contracts.®  At  the  outset  of  a  project,  the  parties  negotiate  a  cost  target,  and 
the  firm’s  profit  increases  proportionally  with  cost  underruns  relative  to  the  cost  tar¬ 
get.  Conversely,  the  incentive  profit  decreases  at  the  same  rate  with  cost  overruns. 
In  effect,  the  firm  thus  bears  a  share  of  actual  project  costs.  A  recent  survey  by  the 
U.S.  General  Accounting  Office  (GAO,  1987)  shows  that  for  the  period  1978-1984 
firms’  cost-share  parameters  typically  varied  between  15  and  25  percent  but  were  as 
high  as  50  percent  in  unusual  cases. 

A  major  concern  voiced  repeatedly  in  connection  with  cost-plus-incentive-fee  con¬ 
tracts  is  that  the  government  is  unable  to  formulate  realistic  cost  targets  for  many 
projects.  If  the  target  is  set  unrealistically  low,  the  firm  is  likely  to  suffer  a  financial 
penalty.  Conversely,  an  unrealistically  high  cost  target  leads  to  additional  '‘un¬ 
deserved”  profits.  For  this  reason,  the  GAO  states  that  cost-plus-incentive-fee 
contracts  are  confined  to  procurement  projects  where  “the  government  has  a  sound 
basis  to  estimate  contract  costs,  but  where  uncertainties  exist  that  make  a  fixed-price 
contract  impractical”  (GAO,  1987,  p.  1).  The  relatively  low  cost-share  parameters 
currently  used  (15  to  25  percent)  may  reflect  the  government’s  desire  tO  mitigate  the 
effects  of  unrealistic  cost  targets. 

The  budget-based  schemes  considered  in  this  study  can  be  viewed  as  a  refinement  of 
cost-plus-incentive-fee  contracts.  In  addition  to  actual  cost,  the  incentive  fee  now 
depends  as  well  on  a  cost  estimate  that  the  firm  submits,  typically  at  the  start  of  the 


® However,  according  to  former  Under  Secretary  of  Defense  R.  Fox,  generous  provisions  for  reim¬ 
bursement  of  “unusual”  expenses  create  conditions  that  closely  resemble  standard  cost-plus 
arrangements  (see  Fox,  1974).  In  Germany,  cost-plus-proportional-fee  contracts  are  currently  used, 
though  with  increasing  controversy. 

®McAfee  and  McMillan  (1988)  summarize  the  evolution  of  incentive  schemes  used  by  the  U.S.  Navy  for 
shipbuilding  contracts  in  the  1960s  and  1970s.  In  Germany,  cost-plus-incentive-fee  contracts  have  been 
used  only  for  exceptional  projects  until  recently. 
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project  In  effect,  the  firm  selects  a  budget  (target  cost),  and  the  incentive  profit  is 
proportional  to  the  budget  variance.  Previous  modeling  analysis  has  shown  that 
budget-based  schemes  create  desirable  reporting  and  performance  incentives  (see 
Kirby  et  al.,  1991).  The  government  receives  information  that  is  useful  for  its  budget 
planning  process,  since  the  contracting  firm  is  induced  to  submit  an  unbiased  cost 
estimate.  Specifically,  the  firm  has  an  incentive  to  reveal  truthfully  its  own  assess¬ 
ment  of  expected  project  costs.  To  some  extent,  the  budget-based  schemes  therefore 
avoid  the  issue  faced  by  cost-plus-incentive-fee  contracts  described  above.  Instead 
of  having  the  government  formulate  a  realistic  cost  target,  this  task  is  now  left  to  the 
better  informed  firm. 

From  a  cost-control  perspective,  the  budget-based  schemes  have  been  shown  to  be 
optimal  incentive  mechanisms.  By  offering  a  menu  of  contracts,  the  government  can 
tailor  performance  incentives  to  the  firm's  privately  observed  cost  information.^ 
Specifically,  the  firm  chooses  a  high  target  profit  in  return  for  a  high  cost-share  pa¬ 
rameter,  provided  its  cost  information  is  relatively  favorable.  A  high  cost-share  pa¬ 
rameter  will  induce  the  firm  to  conduct  the  project  in  a  more  efficient  way.  The  re¬ 
sulting  cost  savings  are  effectively  split,  since  the  firm  receives  a  large  incentive 
profit.  As  a  consequence,  both  sides  will  be  better  off. 

The  following  section  of  this  paper  contains  a  summary  of  the  relevant  incentive  lit¬ 
erature.  In  particular,  I  review  the  reporting  and  performance  incentives  created  by 
the  budget-based  incentive  schemes.  A  procedure  that  enables  the  government  to 
construct  a  suitable  budget-based  scheme  for  a  given  procurement  project  is  de¬ 
scribed  in  Section  3.  This  procedure  requires  the  government  to  assess  a  number  of 
parameters  reflecting  the  underlying  agency  problem  and  then  carry  out  a  sequence 
of  computations  to  obtain  the  desired  incentive  contract. 

Section  4  reports  on  applications  of  the  budget-based  schemes  in  Germany.  The  dis¬ 
cussion  first  focuses  on  a  number  of  modifications  and  constraints  that  representa¬ 
tives  of  the  GOOD  formulated  to  make  the  schemes  compatible  with  current  pro¬ 
curement  policy.  One  budget-based  scheme  that  is  currently  being  used  in  a  pilot 
project  is  described  along  with  the  criteria  that  led  to  its  selection.  Section  5  con¬ 
cludes  with  a  brief  discussion  of  the  potential  use  of  budget-based  schemes  for  regu¬ 
lating  public  utilities. 

2.  THEORY  BACKGROUND 

Suppose  that  a  government  wants  to  conduct  a  project  for  which  there  is  only  one  vi¬ 
able  supplier  (e.g.,  the  government  faces  a  sole-source  contract).  Frequently,  both 
parties  will  be  uncertain  about  the  necessary  cost  for  the  project,  yet  the  contracting 
firm  has  better  cost  information.  In  such  cases  the  government  will  typically  use  a 
cost-based  contract.  The  project  price  then  becomes  the  sum  of  actual  costs  in¬ 
curred,  as  verified  by  the  government's  auditors,  plus  a  profit  allowance  for  the  con- 


^The  advantage  of  a  menu  of  contracts  over  a  single  incentive  contract  has  been  analyzed  in  the 
managerial  accounting  literature  under  the  heading  "value  of  communication”  (see  Baiman  and  Evans, 
1983,  Melumad  and  Reichelstein,  1989,  and  Penno,  1984). 
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tracting  firm.  Under  a  cost-plus-fixed-fee  contract,  the  firm's  profit  is  a  constant,  yet 
it  is  a  decreasing  function  of  actual  cost  under  a  cost-plus-incentive-fee  contract. 
With  actual  cost  denoted  by  x,  the  price  paid  by  the  government  can  be  expressed  as: 

P  =  x-\-  H{x), 


with 


H{x)  =  a+  b^  (T  -  x).  (1) 

The  contractor's  profit,  H[x),  consists  of  a  target  profit  a,  plus  a  bonus  (penalty)  for 
cost  underruns  (overruns)  relative  to  a  prespecified  cost  target  T.  The  parameter 
(0  <  1)  is  usually  referred  to  as  the  cost-share  parameter.  A  cost-plus-fixed-fee 

contract  results  ifb  =  0. 

In  the  present  study,  attention  is  restricted  to  incentive-fee  functions  of  the  form: 

H{E,x)  =  a{E}  +  b{E}^  {E-  x).  (2) 

The  contracting  firm  now  determines  the  target  cost  through  its  estimate  E,  Devia¬ 
tions  from  this  standard  are  rewarded  or  penalized  at  the  rate  fo(£),  which  itself  de¬ 
pends  on  the  firm's  cost  estimate.  Similarly,  it  will  be  necessary  to  vary  the  target 
profit,  a{E),  with  the  cost  estimate  to  create  appropriate  reporting  incentives.  Effec¬ 
tively,  the  government  offers  a  menu  of  contracts.  By  submitting  its  cost  estimate, 
the  firm  chooses  one  particular  incentive  fee  function  (linear  in  x)  from  the  menu. 
Subsequently,  the  schemes  in  Eq.  (2)  will  be  referred  to  as  budget-based  schemes. 

From  the  government's  perspective,  a  menu  of  contracts  may  be  preferable  to  a  sin¬ 
gle  incentive  contract  for  two  reasons.  First,  a  menu  may  conceivably  entail  better 
performance  incentives,  that  is,  more  effective  incentives  for  cost  control.  Second,  a 
menu  of  contracts  allows  the  government  to  elicit  cost  information  from  the  better 
informed  firm.  Ignoring  the  issue  of  cost  control,  it  can  be  shown  that  the  budget- 
based  schemes  induce  the  firm  to  provide  an  unbiased  estimate  of  expected  project 
cost,  provided  the  functions  ai^)  and  /?(•)  in  Eq.  (2)  are  suitably  calibrated.  Specif¬ 
ically,  consider  the  following  restrictions:^ 

a{E}  is  a  convex  and  decreasing  function  and  (3) 

biE}^-a'{E}.  (4) 

Suppose  the  firm  subjectively  assesses  the  expected  project  cost  to  be  z.^  If  it  reports 
E under  a  budget-based  scheme,  the  expected  profit  becomes  a[E)  +  fo(E)  •  (E-  z).  In 


a[*)  is  not  differentiable  at  E,  then  a'  (£)  should  be  interpreted  as  a  subgradient  of  a(*)  at  E. 

^Formally,  the  firm's  subjective  beliefs  regarding  the  uncertain  cost  x  are  represented  by  a  probability 
distribution  F(»)  whose  mean  is  z,  i.e., 


z  =  j  xdF[x). 
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particular,  the  expected  fee  equals  a[z)  if  the  true  expectation  z  is  reported.  Incentive 
compatibility  requires  that: 


a(z)  >  a{E}  +  h(£)  •  (JB-  z),  (5) 

for  arbitrary  values  of  z  and  £  After  substituting  Eq.  (4)  into  Eq.  (5),  the  self- selection 
condition  becomes: 


a(z)  >  a{E)  -  a'{E)*  {E-z)  >0,  (6) 

which  will  be  satisfied  provided  that  the  function  a(^)  is  convex.  It  can  be  shown  fur¬ 
thermore  (see  Osband  and  Reichelstein,  1985)  that  the  budget-based  schemes  are  es¬ 
sentially  unique  in  eliciting  the  mean  of  the  privately  known  distribution  £(•).  To  in¬ 
duce  the  same  cost  report  for  all  distributions  £(•)  with  mean  z,  the  profit  function 
must  be  linear  in  the  actual  cost  variable 

Consider  now  the  issue  of  performance  incentives.  There  is  a  common  perception 
that  cost-based  government  contracts  are  subject  to  cost-control  problems.  Firms 
may  be  tempted  to  pad  project  costs  through  expanded  purchases  of  equipment,  ex¬ 
cessive  testing  and  experimentation,  or  generous  arrangements  with  their  suppli¬ 
ers. 

It  has  been  argued  that  the  method  for  determining  project  costs  can  itself  create 
undesired  incentives.  A  major  issue  here  is  the  application  of  overhead  costs.  Con¬ 
sider  a  situation  where  a  government  project  and  other  commercial  products  share 
common  production  facilities.  If  overhead  costs  are  allocated  to  the  government 
project  on  the  basis  of  direct  labor  hours,  the  firm  may  have  an  incentive  to  increase 
the  number  of  direct  labor  hours  for  the  government  project,  because  direct  labor 
costs  are  reimbursed  and  every  hour  of  additional  labor  shifts  overhead  costs  from 
the  commercial  products  to  the  government  contract.^^  Without  countervailing  in¬ 
centive  provisions,  the  firm  will  increase  its  profit  by  expanding  the  number  of  direct 
labor  hours  for  the  government  project.^^  Rogerson  (1992d)  develops  a  model  that 


^^Note  that  the  budget-based  schemes  differ  from  the  schemes  examined  by  Weitzman  (1976)  in 
connection  with  a  Soviet  incentive  system  (Kaplan  and  Atkinson,  1989,  refer  to  them  as  "truth-inducing” 
schemes).  Because  the  schemes  discussed  there  consist  of  a  menu  of  piece- wise  linear  contracts,  the 
informed  agent  (contracting  firm)  can  be  induced  to  report  a  given  quantile  of  the  distribution  F(*)  (e.g., 
the  median).  However,  in  general,  such  schemes  cannot  elicit  the  mean. 

^^Representatives  of  the  GOOD  mentioned  the  following  specific  cost-padding  problem.  Suppose  a 
contracting  firm  finds  that  it  has  hired  too  many  workers.  The  firm  can  reduce  its  workforce  but  then  it 
will  incur  certain  layoff  costs,  such  as  severance  pay  and  social  security  payments.  Alternatively,  the  firm 
can  assign  more  workers  than  are  actually  needed  to  a  government  contract.  Effectively,  the  firm  pads  the 
number  of  labor  hours  for  the  project  and  is  better  off  as  long  as  project  costs  are  fully  reimbursed. 

^^This  argument  presumes  that  actual  overhead  costs  do  not  increase  "too  fast”  as  direct  labor  hours 
increase. 

^^The  same  argument  applies  if  the  government  adopts  a  normal  costing  format,  i.e.,  direct  costs  are 
reimbursed  at  actual  levels,  while  overhead  costs  are  applied  in  proportion  to  some  allocation  base  such  as 
direct  labor  hours.  If  actual  overhead  costs  increase  at  a  rate  less  than  the  overhead  application  rate,  the 
firm  will  be  able  to  cover  a  larger  share  of  its  actual  overhead  cost  by  expanding  the  direct  cost  factors 
beyond  the  necessary  level. 
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quantifies  the  distortions  associated  with  overhead  allocation  rules  commonly  em¬ 
ployed  in  defense  contracting. 

To  model  the  possibility  of  cost  padding,  suppose  the  firm  finds  initially  that  the 
minimal  expected  project  cost  is  p.  If  the  firm  engages  in  the  type  of  cost-increasing 
activities  described  above,  it  chooses  a  “slack”  parameter  a  >  0,  with  a  =  0 
representing  maximum  efficiency.  Since  a  measures  the  dollar  amount  of  slack,  it  is 
natural  to  suppose  that  the  expected  project  cost  increases  to  z  =  p  +  a.  Actual  cost, 
X,  remains  a  random  variable  whose  mean  becomes  z  =  p  +  a.  The  firm's  pecuniary 
benefit  from  incorporating  slack  is  denoted  by  B(a),  which  represents  the  dollar 
value  associated  with  slack  level  a. 

In  designing  an  incentive  contract,  the  government  faces  the  following  tradeoff.  Be¬ 
cause  the  firm  has  better  cost  information  (the  parameter  p),  stronger  incentives  for 
cost  control  can  be  obtained  only  at  the  expense  of  higher  profit.  As  mentioned 
above,  fixed-price  contracts  would  induce  perfect  incentives  to  control  project  costs, 
yet  the  government  is  likely  to  overpay  because  the  fixed  price  would  be  calculated  so 
that  the  firm  earns  a  minimum  acceptable  level  of  profit,  even  in  case  of  high  project 
costs.  To  balance  the  tradeoff  between  stronger  efficiency  incentives  and  higher  firm 
profits,  it  will  be  optimal  in  general  to  adopt  an  incentive  scheme  that  results  in  a 
limited  amount  of  slack. 

Given  any  incentive  contract,  let  a  (p)  denote  the  choice  of  slack  that  maximizes  the 
firm's  expected  profit  when  its  cost  environment  is  p.  From  the  government's  per¬ 
spective,  the  optimal  slack  policy  a  (p)  is  determined  by  the  benefit  function  B(*)  as 
well  as  by  prior  beliefs  regarding  the  firm's  cost  environment  p.  Those  beliefs  are 
represented  by  a  probability  distribution  function  Mp)  with  support  [p,  p]  and 
density  function  n(p).  A  common  assumption  in  models  like  the  present  one  is  that 
the  “inverse  hazard  rate”: 


h(ii)  = 


iV(p) 

n{p) 


be  monotone  increasing.^^  The  following  result  is  taken  from  Kirby  et  al.  (1991). 

Lemma  1:  If  /z(p)  is  increasing  in  p  and  the  benefit  function  B(*)  is  concave  with 
nonnegative  third  derivative,  then  a  budget-based  scheme  of  the  form  shown  in  Eqs. 
(2)  through  (4)  is  an  optimal  incentive  contract. 

The  conditions  of  the  lemma  imply  that  an  optimal  incentive  scheme  induces  a  sepa¬ 
ration  of  types.  Unlike  low-cost  types  (low  p),  high-cost  types  pad  project  costs  to  a 
larger  extent  (i.e.,  the  function  a  [p]  is  increasing  in  p).i^  The  budget-based  schemes 
in  Eqs.  (2)  through  (4)  induce  exactly  that  separation,  since  higher  cost  estimates 
imply  lower  cost-share  parameters,  which  in  turn  means  a  lesser  incentive  to  reduce 


^"^This  condition  is  satisfied  by  many  of  the  commonly  considered  probability  distributions  (see,  e.g., 
Laffont  and  Tirole,  1991,  and  the  references  contained  therein). 

^^This  result  has  been  established  by  Laffont  and  Tirole  (1986),  McAfee  and  McMillan  (1987),  and 
Rogerson  (1987). 
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slack.  Given  a  budget-based  scheme,  the  firm's  expected  payoff  (i.e.,  profit  plus 
benefit  derived  from  slack),  becomes: 

a{Ej  +  b{E)  •  [E-  {|i  +  a)]  +  B{  a).  (7) 

The  contracting  firm  seeks  to  maximize  this  expression  with  respect  to  a  and  E, 
Provided  the  budget-based  scheme  satisfies  conditions  (3)  and  (4)  above,  the  firm 
will  always  report  JB  =  p  +  a,  regardless  of  the  value  of  a  to  be  chosen.  Hence,  what¬ 
ever  amount  of  slack,  a,  the  firm  chooses,  it  will  provide  an  unbiased  estimate  of  ex¬ 
pected  project  costs.  As  a  consequence,  maximization  of  Eq.  (7)  reduces  to  maximiz¬ 
ing  a{]i  +  a)  +  B(a),  with  regard  to  a.  For  the  contracting  firm  to  choose  slack  a{p) 
when  the  cost  environment  is  p,  it  is  necessary  that: 

fl'lp  +  a(p)]  +  B'[a(p)]  =  0,  (8) 

provided  a(p)  >  0.  Because  of  Eq.  (4),  Eq.  (8)  can  be  rewritten  as: 

&[p  +  a(p)]  =  B'la(p)].  (9) 

Equation  (9)  will  be  used  to  determine  the  cost-share  parameters  in  the  next  section. 
However,  for  this  equation  to  become  operational,  the  government  first  needs  to 
identify  the  desired  slack  policy  a(p). 

Lemma  1  confirms  the  intuition  that  it  is  preferable  for  the  government  to  let  the 
better-informed  firm  determine  the  cost-share  parameter.  With  a  traditional  cost- 
plus-incentive-fee  contract,  the  firm  will  choose  the  same  amount  of  slack  in  all  cost 
en\aronments  so  that  the  marginal  value  of  slack  equals  the  cost-share  parameter  of 
the  incentive  contract.  Under  a  budget-based  scheme,  the  government  can  addi¬ 
tionally  offer  incentive  contracts  with  higher  cost-share  parameters.  The  firm  will 
select  a  '‘steeper"  contract  if  it  has  favorable  cost  information.  In  those  cases,  the 
firm  will  earn  a  higher  profit,  but  since  the  project  is  conducted  more  efficiently,  both 
sides  can  be  made  better  off. 

3.  CONSTRUCTING  BUDGET-BASED  SCHEMES 

From  a  practitioner's  perspective,  implementation  of  a  cost-plus-incentive-fee  con¬ 
tract  requires  the  choice  of  three  numbers:  a  cost-share  parameter,  a  target  cost 
level,  and  a  target  profit  level.  In  contrast,  the  budget-based  schemes,  which  ef¬ 
fectively  consist  of  a  menu  of  cost-plus-incentive-fee  contracts,  require  an  entire 
schedule  of  these  parameters.  This  leaves  the  government  with  the  task  of  selecting 
budget-based  schemes  for  alternative  procurement  projects.  Preferably,  the  selec¬ 
tion  procedure  should  not  require  detailed  understanding  of  the  underlying  incen¬ 
tive  theory. 


^^GAO  (1987)  describes  how  the  government  determines  these  parameters. 
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To  state  a  specific  budget-based  contract,  the  government  may  use  the  general  for¬ 
mula  in  Eq.  (2)  in  conjunction  with  formulas  for  the  functions  a{^)  and  b{^).  A  sim¬ 
pler  alternative  may  be  to  express  the  contract  by  tabulating  the  incentive  profit  that 
the  firm  will  receive  for  alternative  levels  of  estimated  and  actual  costs. 

The  following  steps  provide  a  procedure  for  constructing  a  suitable  budget-based  in¬ 
centive  scheme.  The  government  first  assesses  a  number  of  basic  parameters  that 
reflect  its  beliefs  regarding  minimum  cost  and  cost-padding  opportunities.  On  the 
basis  of  these  parameters,  the  government  carries  out  a  sequence  of  computations 
whose  final  output  is  the  desired  matrix  of  incentive  profits.  This  matrix  can  be  sup¬ 
plemented  with  a  set  of  interpolation  rules  that  compute  the  incentive  profit  for  val¬ 
ues  of  estimated  and  actual  cost  not  contained  in  the  matrix. 

Step  1:  Assessing  Basic  Parameters 

First,  the  government  has  to  assess  the  interval  [p,  p];  that  is,  the  range  of  possible 
cost  expectations  that  the  firm  might  hold  if  it  conducted  the  project  with  maximum 
efficiency.  For  most  projects,  the  government  will  formulate  a  reservation  or  ceiling 
value  representing  the  highest  cost  estimate  (unbiased)  for  which  it  would  be  willing 
to  undertake  the  project.  When  this  ceiling  value  is  denoted  by  E,  the  range  of  ad¬ 
missible  cost  estimates  becomes  the  interval  [  p,  F"].  In  the  subsequent  analysis,  E  is 
considered  an  exogenously  given  parameter.!^ 

To  construct  the  matrix  of  incentive  profits,  it  will  be  useful  to  divide  the  interval 
[  p ,  £]  into  k  subintervals.  The  interpretation  is  that  the  firm  can  choose  one  of  the  [k 
+  1)  estimates  Ep  where  Ef  <  Ei+i  for  l<i<L  It  will  be  convenient  to  let  p  =  jBq  and 
E  =  E]^.  An  obvious  tradeoff  is  associated  with  the  number  k.  The  larger  the  value  of 
fc,  the  closer  the  discrete  incentive  scheme  will  approximate  the  optimal  continuum 
solution. On  the  other  hand,  too  large  a  value  of  A:  would  make  the  resulting  matrix 
of  incentive  profits  impractical.  Representatives  of  the  GOOD  felt  that  k  should  be 
between  five  and  ten  (in  the  application  described  in  Section  4,  k  is  equal  to  7). 

Step  2:  Determining  the  Cost-Share  Parameter  b{  E) 

As  argued  in  the  previous  section,  the  optimal  cost- share  parameters  are  given,  in 
principle,  by  Eq.  (9)  with  the  optimal  slack  policy  a(p)  determined  by  the  two  char¬ 
acteristics  of  the  underlying  agency  problem:  the  government’s  prior  distribution 


^^This  approach  has  been  implemented  by  IBM  in  the  context  of  sales  force  compensation.  According  to 
Gonik  (1978),  IBM  offered  a  menu  of  compensation  plans  via  a  matrix,  whose  entries  show  a  manager’s 
sales  commission  for  alternative  combinations  of  forecasted  and  actual  sales.  Also,  Gates  (1988)  describes 
a  contracting  situation  where  an  "agent”  was  offered  a  menu  consisting  of  two  alternative  incentive 
schemes. 

^^The  ceiling  E  can  be  derived  as  follows.  Suppose  the  government  attaches  a  gross  benefit  of  i?  dollars  to 
the  project.  For  R  sufficiently  large,  the  project  will  be  conducted  for  any  cost  environment  p. 
Furthermore,  the  lemma  in  Section  2  states  that  a  budget-based  scheme  is  optimal.  It  can  be  shown  that, 
as  R  decreases,  a  Itruncatedl'  budget-based  scheme  is  optimal,  such  that  the  government  conducts  the 
project  only  if  E  <  where  E  is  a  decreasing  function  of 

^^In  the  context  of  a  monopolist  offering  a  menu  of  services,  Wilson  (1988)  examines  the  loss  associated 
with  offering  just  k  different  services  rather  than  a  continuum.  Wilson  shows  that  the  relative  loss 
associated  with  a  finite  menu  goes  rapidly  to  zero  as  k  gets  large.  Specifically,  the  difference  between  the 
continuum  and  the  finite  solution  converges  to  zero  at  a  rate  of  at  least  1/  . 
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N{\x)  and  the  benefit  function  To  characterize  the  optimal  function  &(•), 

specific  functional  forms  for  N{\i)  and  B{  a)  are  considered.  The  resulting  characteri¬ 
zations  are  useful  only  to  the  extent  that  the  functional  forms  provide  a  ''reasonable” 
approximation  of  the  actual  functions  N{\i)  and  B{  a)  assessed  by  the  government 

In  considering  the  range  of  desired  cost- share  parameters,  it  is  possible  to  provide 
upper  and  lower  bounds  for  the  cost-share  parameters  in  terms  of  the  firm's  benefit 
function,  B{a).  Recall  from  Section  2  that  B[^)  is  assumed  to  be  concave  with  0  < 
B'{a)  <  1.  Denote  Oj  =  B'{0).  A  special  case  of  interest  occurs  if  the  function  B{^)  is 
such  that  from  a  certain  point  on,  the  marginal  value  of  slack  remains  constant  (e.g., 
the  firm  receives  the  equivalent  of  20  cents  for  every  additional  dollar  of  slack).  For¬ 
mally: 


B'(a)  =  V2  for  a  >  a  *.  (10) 

Observation  1:  If  Eq.  (10)  holds,  the  optimal  cost-share  parameters  satisfy: 


\)2  <  b{E)<\)i.  (11) 

As  shown  in  the  appendix,  the  upper  bound  Oj  is  indeed  the  optimal  sharing  pa¬ 
rameter  corresponding  to  the  lowest  estimate.  As  a  consequence,  the  firm  will  con¬ 
duct  the  project  with  maximum  efficiency  (i.e.,  a  =  0).  Note  that  if  ==  1,  the  incen¬ 
tive  contract  assigns  a  fixed-price  contract  to  the  lowest  cost  estimate.  The  result 
b{Ei  >  0)2  reflects  that  the  government  wants  to  contain  the  amount  of  slack  at  a 

As  argued  above,  incentive  compatibility  requires  the  function  &(•)  to  be  monotone 
decreasing.  Characterizing  the  curvature  of  &(•)  turns  out  to  be  difficult  in  general, 
but  a  tractable  special  case  results  when  the  benefit  function  B{*)  is  of  the  following 
linear- quadratic  form: 


R(a)  = 


%  2 
Si  •a-  — •a 

^  2 


(5[  -  ^  •  a*)  •  a  4-  •  a  ' 


if  a  <  a  *  and 
if  a  >  a  * . 


(12) 


The  three  parameters  (5i,52>oc*)  are  to  be  selected  so  that  5^  -.S2  •a*  is  positive, 
which  ensures  that  R(*)  is  increasing  and  concave.  Note  that,  by  definition, 
^  •  a*  =  As  shown  in  the  appendix,  the  desired  slack  policy  a(|i)  will  be  in¬ 
creasing  at  the  same  rate  as  the  inverse  hazard  rate,  if  the  benefit  function  is  of 
the  linear- quadratic  form  in  Eq.  (12).  Hence  a(iLi)  will  be  convex  (concave)  whenever 
h{\i)  is  convex  (concave). 

To  tie  this  characterization  to  the  curvature  of  fo(*),  note  that  the  right-hand  side  of 
Eq.  (9)  is  linearly  decreasing  in  a  for  linear-quadratic  benefit  functions.  Thus,  one 


^^The  exact  formula  for  the  optimal  a  (p)  in  terms  of  iV(p)  and  B(  a )  is  given  by  Eq.  (A.l)  in  the  appendix. 

^^An  implicit  assumption  of  the  underlying  agency  model  is  that  the  presence  of  the  government’s 
auditors  does  not  create  “effective”  upper  bounds  on  the  amount  of  slack  that  the  firm  could  choose. 
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would  expect  i>(»)  to  be  decreasing  at  a  decreasing  rate  (i.e.,  bi»]  to  be  convex)  when¬ 
ever  a(|a)  increases  at  a  decreasing  rate.  To  state  the  formal  result,  it  is  useful  to  in¬ 
troduce  the  following  terminology:  The  relevant  domain  of  the  function  b(»)  is  the 
interval  ( E*,  E  ),  where  E*  is  defined  to  be  the  largest  value  of  E  such  that  b{E)  = 
for  all  E  <  E*,  and  E  is  the  smallest  value  of  E  such  that  biE)  =  02  for  £>  £*.  Hence 
the  relevant  domain  is  the  range  of  cost  estimates  where  the  function  h(»)  assumes 
values  intermediate  between  and  -02  (of  course,  it  is  possible  that  E*=  \i  ,  and  E* 
=  E). 

Observation  2:  If  Eqs.  (10)  and  (12)  hold,  the  function  of  optimal  cost-share  parame¬ 
ters  is  convex  (concave)  on  the  relevant  domain,  whenever  the  function  h(p)  is  con¬ 
cave  (convex)  .22 

An  immediate  consequence  of  this  result  is  that  when  the  government’s  prior  distri¬ 
bution  is  uniform,  the  cost-share  parameters  decrease  linearly  on  the  relevant  do¬ 
main.  The  appendix  contains  a  proof  of  Observation  2  and  an  explicit  computation 
of  the  optimal  sharing  parameters  for  the  following  family  of  probability  densities: 

=  if  Mm  and 

[€•  p  -  if  |i  >  m. 

Here,  r  >  0  is  a  parameter  to  be  chosen,  m  is  the  midpoint  between  p  and  p,  i.e., 

m=:  ”  p+p), 

and  c  is  a  constant  ensuring  that  «(•)  is  a  density.^^  If  r  =  0,  the  distribution  is  uni¬ 
form;  for  r  >  0,  the  distribution  is  single  peaked  and  symmetric  around  the  mean  m. 
The  parameter  value  r  indicates  the  variance  of  the  random  variable  p.  The  higher 
the  value  of  r,  the  lower  the  variance,  since  more  probability  weight  is  centered 
around  the  mean  m.  Figure  7.1  illustrates  the  shape  of  this  distribution  for  four  alter¬ 
native  values  of  r  ranging  between  zero  and  1.5. 

For  the  family  of  probability  distributions  in  Eq.  (13),  it  turns  out  that  the  inverse 
hazard  rate,  /z{p),  is  linear  on  the  interval  [p,m]  and  strictly  convex  thereafter.  In 
light  of  Observation  2,  the  function  is  therefore  concave  on  the  relevant  domain. 
The  explicit  formula  for  b  {•)  in  terms  of  the  six  parameter  values  ( £,  £,  ,  a*,  r)  is 

given  in  the  appendix. 

is  sufficient  that  h(\i)  be  concave  (convex)  for  those  \l  corresponding  to  the  relevant  domain,  i.e.,  on 
the  interval  [  E*,  w  *  ],  where  p*  +  a*  =  £'* 

^^It  is  readily  verified  that  iV(  il)  =  1  if* 

r  +  1  , 

c  =  ~  M-)  • 
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Figure  7.1 — Illustration  of  the  Density  Given  by  Eq.  (13) 


In  summary,  the  above  analysis  provides  a  partial  characterization  of  the  desired 
function  b(*)  with  regard  to  its  range  and  curvature.  An  explicit  computation  of  the 
optimal  cost-share  parameters  is  possible  for  the  specific  functional  forms  given  in 
Eqs.  (12)  and  (13).  It  should  be  noted,  though,  that  these  functional  forms  may  not 
provide  a  “sufficiently  good”  approximation  of  the  functions  N{^)  and  B(*)  as  as¬ 
sessed  by  the  government  for  a  particular  procurement  project.  For  example,  the 
government's  prior  distribution  may  not  be  symmetric  around  the  mean,  and  there¬ 
fore  the  functional  form  in  Eq.  (13)  may  not  provide  an  appropriate  representation. 
In  those  cases,  a  contract  designer  may  seek  to  access  the  underlying  agency  model 
directly.  For  given  functions  N{^)  and  B{^),  the  optimal  slack  policy  aOr)  can  be  de¬ 
rived  according  to  Eq.  (A.l)  in  the  appendix.  Thereafter,  the  optimal  cost-share  pa¬ 
rameters  b(E}  can,  in  principle,  be  determined  according  to  Eq.  (9).  Most  likely,  these 
solutions  would  be  obtained  in  practice  through  numerical  analysis. 

To  derive  the  matrix  of  incentive  profits,  it  is,  of  course,  sufficient  to  select  only  the 
fc  +  1  cost-share  parameters  b{  Ej),  0  <  / <  A:.  It  will  be  convenient  in  the  subsequent 
steps  to  proceed  as  if  the  desired  function  b[^)  is  linear  on  each  interval  (E/,  Em)- 
One  then  obtains  a  piece-vdse  linear  approximation  of  the  “optimal”  &(•).  The  loss 
associated  with  this  approximation  diminishes  as  A:  gets  larger. 

Step  3:  Computing  the  Target  Profits  a{E) 

The  discussion  in  Section  2  shows  that,  up  to  a  constant  of  integration,  the  target 
profits  a(E}  of  any  incentive  compatible  budget-based  scheme  are  uniquely  deter¬ 
mined  by  the  cost-share  parameters  b{Ej.  Hence,  the  only  discretion  left  to  the  con- 
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tract  designer  is  a  boundary  value,  denoted  by  c,  that  gives  the  target  profit  for  the 
highest  cost  estimate  =  E.  Thus, 


a{E)  =  a  (14) 

If  the  threshold  value  is  not  to  distort  the  reporting  incentives,  the  constant  c  must 
satisfy  the  requirement  that  the  firm  is  indifferent  between  accepting  and  rejecting 
the  contract  when  its  estimate  of  expected  project  cost  equals  E.  As  will  become 
clear  in  the  next  section,  however,  the  choice  of  c  is  likely  to  be  affected  by  other 
constraints  in  practice. 


Observation  3:  Given  a  function  of  cost-share  parameters  &(•),  which  is  linear  on 
each  interval  (Ef,  E^^i),  the  target  profits  can  be  computed  recursively  by  Eq.  (14) 
and: 


a(Ei)  =  + 1  [&{£,•)+  fo(£i+i)]  •  (B/+1  -  £/),  for  1  <  i<  k- 1.  (15) 

To  verify  Eq.  (15),  recall  that  Eq.  (4)  implies: 

a{Ei)  -  a(%i)+  b{E)dE,  (16) 

JEf 


for  arbitrary  values  of  Ef  and  ^i+\  •  Since  the  cost-share  parameter  function  h(*)  is 
linear  on  each  segment  ( Ei  Ej+i),  an  immediate  geometric  argument  shows  that  the 
integral  of  b{*)  between  Ef  and  Ef^i  is  given  by 

^[b{EM)+b{Ei)\>{EM-E0. 


Hence,  Eq.  (15)  holds. 

To  complete  the  construction  of  the  matrix  of  incentive  profits,  one  needs  to  choose 
p  different  actual  cost  figures  { Xj,  .  .  .  ,  x^}.  Since  the  firm  has  an  incentive  to 
provide  an  unbiased  report  of  the  expected  cost  in  the  first  stage,  it  seems  natural  to 
choose  the  values  x^  from  the  range  of  possible  cost  estimates,  that  is,  the  interval 
[|i,  E].  Given  values  for  biEf)  and  fl(E^),  the  matrix  of  incentive  profits  can 
thereafter  be  calculated  according  to  Eq.  (2)  for  all  fc  •  p  pairs  of  estimated  and  actual 
cost. 

Step  4:  Interpolation  Rules 

Representatives  of  the  GOOD  suggested  that  the  matrix  of  incentive  profits  be  ap¬ 
pended  by  interpolation  rules  that  determine  the  incentive  profit  for  combinations  of 
X  and  E  not  contained  in  the  matrix.  With  regard  to  actual  cost  x,  the  interpolation 
rules  are  obvious,  since  the  budget-based  schemes  are  linear  in  actual  cost.  There¬ 
fore,  if  X  =  p  •  Xy  +  (1  -  (3)  •  Xj^i ,  the  incentive  profit  would  be  interpolated  linearly: 
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H{Ei ,  X)  =  P  .  //(Ej ,  JCy )  +  a  -  p)  •  mEi ,  JCy^.1 ) .  (17) 

Similarly,  the  incentive  profit  would  be  extrapolated  linearly  for  actual  cost  levels  x 
outside  the  interval  [  Xj ,  x^]. 

With  regard  to  the  estimates  E,  the  interpolation  rules  have  to  create  a  new  row  in  the 
matrix  for  any  estimate  E  with  Ei<  E  <  This  requires  calculation  of  «(£)  and 
b{Ej  in  terms  of  the  neighboring  values,  Ej  and  E,_i.  Since  the  function  b{»)  is  taken 
to  be  linear  on  the  interval  [  E,-,  Ei^i\,  the  natural  interpolation  rule  is: 

h(£)  =  b{  E,+i )  +  )  _  E),  (18) 

^/+1  -  Ei 


and 


a(£)  =  a( E,-+i)  +  i  [h(E)+  h(E,.,i)]  •  (E.+i  -  E).  (19) 

These  equations  can  be  combined  with  the  basic  formula  in  Eq.  (2)  to  generate  the 
new  row  corresponding  to  any  estimate  Ewith  E,  <E<  Ej+i-  Note  that  if  the  func¬ 
tional  &(•)  is  linear  on  each  interval  (Ej,  then  the  expressions  in  Eqs.  (18)  and 
(19)  generate  the  values  that  would  have  resulted  had  the  estimate  Ebeen  one  of  the 
points  of  the  partition.  Thus,  if  the  matrix  of  incentive  profits  is  supplemented  by  the 
interpolation  rules  in  Eqs.  (17)  through  (19),  it  will  lead  to  the  same  behavior  and 
performance  as  a  continuum  scheme  whose  function  b(*)  is  piece-wise  linear. 

4.  APPLICATION  OF  THE  BUDGET-BASED  SCHEMES  IN  GERMANY 
Profit  Policy 

When  the  budget-based  schemes  were  presented  to  representatives  of  the  GOOD, 
the  first  concern  was  to  ensure  that  these  schemes  were  compatible  with  existing 
procurement  rules.  The  German  procurement  laws  set  a  framework  for  the  calcula¬ 
tion  of  contractors'  profits  under  cost-based  contracts.^^  The  contractor's  base  profit 
is  typically  proportional  to  the  value  of  the  project  as  measured  by  actual  costs 
verified  ex  post  hy  government  auditors.^^  The  markup  factor  currently  amounts  to 
about  5  percent,  though  this  varies  slightly  by  the  extent  to  which  project  compo¬ 
nents  are  supplied  by  subcontractors.^^ 


general  rules  are  stated  in  the  so-called  “Leitsatze  zur  Preisverordnung,”  abbreviated  as  LSP. 

^^As  mentioned  in  the  introduction,  such  cost-plus-proportional-fee  contracts  are  not  admissible  in  the 
United  States.  Currently,  there  are  various  efforts  under  way  to  change  the  formula  for  the  calculation  of 
base  profits  in  Germany. 

^^As  discussed  by  Osband  (1988b)  and  Rogerson  (1992a)  the  calculation  of  base  profit  in  the  United  States 
is  concerned  with  two  major  considerations:  that  the  contracting  firm  earn  an  “adequate”  return  on 
capital  and,  in  addition,  be  reimbursed  for  certain  unrecognized  costs,  e.g.,  interest  expenses. 
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In  addition  to  base  profit,  contractors  may  be  paid  an  incentive  or  performance 
profit.  Although  there  is  no  general  formula  for  the  calculation  of  such  profits,  the 
law  stipulates  that  incentive  profits  may  be  granted  only  to  reward  '‘exceptional  con¬ 
tractor  effort  with  regard  to  technical,  organizational  or  economic  performance.”^^ 
The  question  then  becomes  whether  the  incentive  profits  arising  from  the  use  of  a 
budget-based  scheme  in  fact  reward  exceptional  contractor  effort.  For  instance,  if 
the  firm  submits  a  relatively  low  estimate  E  and  actually  achieves  that  standard  (i.e., 
x=E}y  it  will  be  entitled  to  an  incentive  profit  of  a(£),  even  though,  relative  to  the  self- 
selected  standard  F,  there  was  no  “exceptional  contractor  effort.”  It  was  agreed  that 
the  budget-based  schemes  are  nonetheless  compatible  with  the  German  procure¬ 
ment  laws.  By  submitting  a  low  estimate,  the  firm  subjects  itself  to  a  larger  risk  of 
negative  incentive  profits  and  this  exposure  warrants  a  premium,  even  if  the  firm 
merely  achieves  its  self- selected  standard.^®  To  embed  the  budget-based  incentive 
schemes  into  the  current  procurement  framework,  it  was  suggested  that  the  incen¬ 
tive  profit  be  viewed  as  a  payment  over  and  above  the  firm’s  base  profit.  Accordingly, 
the  price  paid  by  the  government  can  be  expressed  as; 

Price  =  Actual  Cost  +  Base  Profit  +  Incentive  Profit.  (20) 

Representatives  of  the  GDOD  felt  that  the  expected  incentive  profit  should  be  posi¬ 
tive  so  long  as  expected  cost  is  below  the  threshold  E.  The  budget-based  schemes 
will  satisfy  this  requirement  provided  that  a{E)  =  0  (and  hence  a  [£]  >  0  for  E <  E).^^ 
One  consequence  of  this  specification  is  that  the  firm  will  never  be  worse  off  in  terms 
of  expected  profit  than  under  a  cost-plus-fixed-fee  contract  (or  proportional-fee  con¬ 
tract).  It  was  emphasized  that  this  “individual  rationality”  property  is  essential  for 
widespread  implementation  of  the  budget-based  schemes.  Because  of  political  pres¬ 
sure  the  GDOD  would  find  it  difficult  to  implement  the  schemes  if  defense  contrac¬ 
tors  perceived  them  as  an  attempt  to  “squeeze”  contractor  profits.  In  contrast,  the 
budget-based  schemes  become  more  palatable  if  introduced  as  a  mechanism  for  im¬ 
proving  efficiency  and  making  both  sides  better  off  in  the  process. 

Many  cost-based  government  contracts  are  subject  to  price  ceilings.^^  With  a  cost- 
plus-fixed-fee  contract,  the  imposition  of  a  price  ceiling  is  effectively  the  only  in¬ 
strument  the  government  has  to  contain  cost  overruns.  Though  the  above  model 
analysis  suggests  that  there  is  no  need  for  such  ceilings  given  proper  incentive  provi¬ 
sions,  representatives  of  the  GDOD  decided  to  maintain  price  ceilings  in  conjunction 
with  the  budget-based  schemes.  To  ensure  that  the  resulting  project  price  never  ex¬ 
ceeds  the  price  ceiling,  say  P,  actual  cost  can  be  reimbursed  only  up  to  some  cost 


^^See  LSP,  No.  50-52.  The  law  does  not  stipulate,  though,  that  incentive  profits  have  to  be  positive. 

^^The  suggestion  to  interpret  a{E)  as  a  reward  for  the  firm’s  willingness  to  reveal  its  favorable  cost 
information  was  rejected  by  one  procurement  officer  with  the  argument:  “By  law,  they  are  required  to 
provide  us  that  information  anyhow,  so  we  can’t  pay  a  premium  for  that!!” 

^^The  boundary  condition  a{E)  =  0  may  bias  the  firm’s  cost  estimate  if  E”  >  E.  For  firms  to  report 
truthfully  expected  cost  in  excess  of  E,  it  may  be  necessary  to  set  a{  E)  <  0. 

^^Cost-plus-incentive-fee  contracts  that  are  subject  to  a  price  ceiling  are  usually  referred  to  as  fixed-price- 
incentive  contracts  (see  GAO,  1987). 
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ceiling  K.  If  the  firm  issues  the  highest  possible  estimate  E=  E,  the  value  of  K is  ob¬ 
tained  by  solving  the  linear  equation: 

P  =  K+BP{K)  +  a{E)  +  b{E)*{E-tQ,  (21) 

where  BP{x)  denotes  the  firm’s  base  profit  (as  mentioned  above,  the  current  rule  in 
Germany  is  roughly  BP(x)  =  0.05  •  x.  For  simplicity,  it  was  decided  further  to  set 
K=  E.  Since  a{E)  =  0,  Eq.  (21)  then  reduces  to  P  =  K  +  BP{K).  For  cost  estimates 
below  E,  it  would  be  possible  to  increase  the  value  of  the  cost  ceiling  without 
violating  the  overall  price  ceiling.^i  In  the  application  described  below,  however,  the 
government  opted  for  one  cost  ceiling  only. 

The  introduction  of  cost  ceilings  may  distort  the  incentives  created  by  the  budget- 
based  schemes.  Since  the  contracting  firm  bears  100  percent  of  all  costs  in  excess  of 
the  ceiling  K,  the  compensation  scheme  is  piece-wise  linear  with  a  kink  at  K.  Recall 
that,  for  the  model  described  in  Section  2,  the  firm  has  partial  control  over  the  ex¬ 
pected  project  cost  z  =  p+a(ji),  yet  actual  cost  jc  is  a  random  variable  with  some 
probability  distribution  F(jdz).  For  concreteness,  suppose  that  x=  z  +  e ,  where  e  de¬ 
notes  a  random  variable  with  mean  zero  and  support  [e,  s].  liz  +  e  >  K,  and  there¬ 
fore  actual  cost  x  exceeds  the  ceiling  AT with  positive  probability,  the  firm’s  incentives 
will  be  affected  in  two  ways.  First,  there  will  be  a  stronger  incentive  to  reduce  the 
amount  of  slack  a(p).  However,  strengthening  the  firm’s  performance  incentives  will 
not  be  in  the  government’s  interest  if  the  original  budget-based  scheme  already  pro¬ 
vided  optimal  performance  incentives. 

Second,  the  presence  of  a  cost  ceiling  affects  the  firm’s  reporting  incentives.  It  is  no 
longer  in  the  firm’s  interest  to  provide  an  unbiased  cost  estimate  (i.e.,  to  report  E=z). 
Instead,  the  firm  will  be  better  off  by  underestimating  the  expected  cost  (i.e.,  by  re¬ 
porting  E<  z).  To  see  this,  note  that  without  cost  ceilings  the  firm  would  not  want  to 
issue  an  unrealistically  low  cost  estimate  because  cost  overruns  would  be  penalized 
at  a  higher  rate.  In  the  presence  of  cost  ceilings,  however,  cost  overruns  in  excess  of 
K  are  penalized  at  the  same  rate  (100  percent)  irrespective  of  the  cost  estimate. 
Therefore,  the  firm  will  have  an  incentive  to  bias  its  cost  estimate  downward.  The  re¬ 
sulting  distortions  tend  to  be  smaller  as  the  noise  term  e  centers  more  of  its  proba¬ 
bility  weight  around  the  mean  zero.  In  general,  though,  there  is  no  evidence  that  the 
budget-based  schemes  will  remain  optimal  incentive  mechanisms  in  the  presence  of 
price  and  cost  ceilings. 

Implementation  for  Pilot  Projects 

First  applications  of  the  budget-based  schemes  were  undertaken  in  the  fall  of  1989 
and  spring  of  1990  in  the  context  of  two  development  contracts  (with  two  separate 
suppliers).  Procurement  officers  of  the  GDOD  indicated  that  the  use  of  a  budget- 


^^Let  X*(£} denote  the  cost  ceiling  corresponding  to  the  estimate  E.  The  value  of  X*(£)  solves  the  linear 
equation:  P  =  fPiE]  +  BP  [X*®]  +  a(£)  +  h(£)  •  [B-  X*{£)].  SinceJ?!*)  is  decreasing  and  a'  (£)  =  -b(E),  it 
follows  directly  that  X*(B)  is  decreasing  in  E.  Furthermore,  X*  B  =  B. 
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based  scheme  was  decided  fairly  late  during  the  contract  negotiations  in  both  cases. 
Originally,  the  government  intended  to  conduct  both  projects  as  cost-plus-propor- 
tional-fee  contracts  (with  a  markup  of  approximately  5  percent)  subject  to  a  price 
ceiling.  In  fact,  the  government  negotiators  presented  the  particular  budget-based 
schemes  only  after  the  price  ceilings  had  been  negotiated.  Table  7.1  shows  the  ma¬ 
trix  of  incentive  profits  for  one  of  the  projects. 

Table  7.1  shows  that  if  the  contracting  firm  were  to  issue  the  estimate  E=  K,  its  in¬ 
centive  profit  would  be  zero  if  actual  costs  were  to  be  greater  than  or  equal  to  K.  For 
actual  cost  x  less  than  Ky  the  firm  would  receive  15  percent  of  the  budget  variance 
[K-  x)  as  its  incentive  profit.  By  providing  the  estimate  E=  Ky  the  contracting  firm 
would  always  be  better  off  than  under  the  original  cost-plus-proportional-fee 
contract.  It  would  receive  profits  at  least  as  high  irrespective  of  actual  cost. 

The  contract  designers  apparently  felt  that  in  the  best  of  circumstances  the  contract¬ 
ing  firm  might  issue  a  cost  estimate  of  70  percent  of  K.  In  accordance  with  the  pre¬ 
scriptions  in  Sections  2  and  3,  the  cost-share  parameters  decrease  monotonically 
over  the  interval  (70,  100),  and  range  from  0.5  to  0.15.  The  corresponding  target 
profits  aiEf)  are  the  diagonal  entries  in  the  matrix.  It  can  be  verified  that  these  num¬ 
bers  satisfy  the  recursive  equations  in  (15)  (Observation  3),  with  the  boundary 
condition  given  by  a(lOO)  =  0  (the  matrix  contains  rounding  errors  because  the 
numbers  have  been  computed  only  to  the  first  decimal  point).  Under  this  scheme, 
the  firm's  total  profit  will  always  be  positive.  Even  when  the  incentive  profit  results 
in  a  large  penalty  {E  =  70  percent  of  Kand  x=  K)y  the  firm  still  earns  a  profit  of  (0.05  - 

om4)K=  o.ooer. 

The  procurement  officers  who  designed  the  budget-based  scheme  in  Table  7.1  did 
not  reveal  how  the  cost-share  parameters  biE}  were  actually  determined.  In  particu¬ 
lar,  it  was  not  made  public  to  what  extent  the  designers  of  the  scheme  formally  as¬ 
sessed  a  prior  distribution  N(ji)  and  a  benefit  function  B[a).  It  should  be  noted, 
though,  that  the  cost- share  parameters  chosen  are  consistent  with  the  model  and  the 
constructive  procedure  described  above.  In  particular,  one  can  construct  functions 
B{a)  and  N(\i)  such  that  the  resulting  optimal  cost-share  parameters  coincide  with 
the  ones  in  Table  7.1. 


Table  7.1 

Matrix  of  Incentive  Profits  for  One  GOOD  Project 


Actual  Cost 

(as  a  percentage  of  project  cost  ceiling) 

Cost- 

Share 

Parameter 

(%) 

70 

75 

80 

85 

90 

95 

100 

Estimated  cost 

70 

10.6 

8.0 

5.6 

3.1 

0.6 

-1.9 

-4.4 

50 

(as  a  percentage 

75 

10.3 

8.1 

5.8 

3.6 

1.3 

-0.9 

-3.2 

45 

of  project 

80 

10.0 

7.9 

5.9 

3.9 

1.9 

-0.2 

-2.3 

42 

cost  ceiling) 

85 

9.6 

7.8 

5.8 

4.1 

2.3 

0.4 

-1.5 

37 

90 

9.0 

7.3 

5.7 

4.0 

2.5 

0.8 

-0.8 

32 

95 

8.1 

6.7 

5.3 

3.9 

2.4 

1.1 

-0.3 

26 

100 

4.4 

3.6 

2.9 

2.2 

1.4 

0.8 

0.0 

15 
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In  response  to  the  budget-based  scheme  shown  in  Table  7.1,  the  contracting  firm 
submitted  a  cost  estimate  of  85  (i.e.,  E  =  85%  •  K),  As  a  consequence,  it  selected  a 
cost-share  parameter  ofb  =  0.37,  and  the  following  total  profit  equation: 

Profit  (x)  =  0.05  •  X  +  0.041  •  K+  0.37(0.85  •  K-  x)  (22) 

for  x<K,  In  case  x>K,  the  firm's  profit  is  “frozen”  at  K;  that  is,  it  is  given  by  Eq.  (22) 
evaluated  at  x  =  K  The  actual  cost  figure  will  be  known  sometime  in  the  near  future 
upon  completion  of  the  project.  It  would  then  be  interesting  to  find  out  in  some 
detail  how  this  incentive  scheme  affected  the  conduct  of  the  project. 

In  general,  one  may  ask  whether  the  government  should  be  confident  ex  ante  that  the 
above  incentive  scheme  will  perform  better  than  the  previous  cost-plus-propor- 
tional-fee  contract.  Leaving  aside  the  theoretical  predictions  developed  in  Section  2, 
one  could  argue  that  even  without  the  above  incentive  provision,  the  firm's  cost 
might  remain  below  the  ceiling  K,  If  so,  the  budget-based  scheme  would  result  only 
in  additional  profits  for  the  firm.  However,  such  an  argument  would  overlook  the 
empirical  finding  that  in  the  past  the  actual  price  paid  by  the  German  government 
was  within  5  percent  of  the  price  ceiling  for  more  than  90  percent  of  all  cost-plus- 
proportional-fee  contracts. 

5.  CONCLUDING  REMARKS 

Although  this  article  has  focused  on  procurement  contracting,  there  are  some  indi¬ 
cations  that  budget-based  schemes  might  also  be  useful  in  the  context  of  public  util¬ 
ity  regulation.  As  in  procurement  contracting,  a  major  issue  in  utility  regulation  is 
that  the  firm  has  better  information  regarding  production  costs  and  that  many  of  its 
actions  are  unobservable  and  subject  to  moral  hazard.  The  predominant  method  for 
regulating  public  utilities  in  the  United  States  (and  many  other  countries)  is  rate-of- 
return  regulation.  As  observed  by  numerous  practitioners  and  academic  researchers, 
a  major  drawback  of  rate-of-return  regulation  is  that  the  utility  has  little  incentive  to 
reduce  or  contain  its  operating  costs.  It  is  therefore  not  surprising  that  regulators 
have  experimented  with  profit-sharing  arrangements  similar  in  spirit  to  the  cost- 
plus-incentive-fee  contracts  discussed  in  Section  2.  Brown  et  al.  (1989)  discuss  the 
types  of  incentive  plans  that  have  been  adopted  by  state  regulators.^^ 

In  testimony  before  the  Federal  Energy  Regulatory  Commission,  Brown  (1990)  advo¬ 
cates  the  use  of  a  budget-based  scheme  for  adjusting  the  rate  base  of  a  power  plant  in 
Michigan.^^  The  perceived  benefits  of  such  an  incentive  scheme  include  unbiased 
estimation  of  future  capital  spending  by  the  utility  as  well  as  more  reliable  estimates 


^^A  prominent  example  of  profit  sharing  is  the  so-caUed  "sliding  scale”  of  rates  adopted  for  the  Potomac 
Electric  Power  Company.  Bussing  (1936)  reports  that  in  1925  the  Public  Utilities  Commission  of  the 
District  of  Columbia  granted  the  utility  a  basic  7.5  percent  rate  of  return  on  its  rate  base.  If  in  any 
particular  year  actual  profit  exceeded  die  target  7.5  percent  return,  half  of  the  excess  profit  was  to  be 
absorbed  the  next  year.  Accordingly,  if  all  other  variables  remained  constant,  the  utility's  output  prices 
were  to  be  lowered  the  next  year,  so  that  operating  profit  would  be  reduced  by  half  of  the  previous  year's 
excess  profit. 

^^The  rate  base  comprises  those  long-term  assets  on  which  the  firm  is  allowed  to  earn  its  rate  of  return. 
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of  the  resulting  electricity  prices.  Perhaps  more  important,  the  utility  would  have  an 
incentive  to  reduce  its  capital  spending,  depending  on  the  magnitude  of  the  cost- 
share  parameter  chosen.  Of  course,  this  incentive  would  even  be  stronger  under  a 
price  cap  arrangement,  yet,  as  discussed  before,  fixed-price  contracts  are  likely  to  re¬ 
sult  in  larger  informational  rents  that  would  have  to  be  paid  for  by  consumers. 

APPENDIX 

It  is  shown  in  Kirby  et  al.  (1991)  that  the  optimal  a(p)  is  given  by  point- wise  mini¬ 
mization  of  the  government’s  expected  total  cost  (project  cost  plus  profit  paid  to  the 
firm): 


(p  +  a)-  Bia)  + 


Nip) 

n(p) 


•  B'ia)  , 


(A.1) 


where  a  >  0.  Under  the  assumptions  of  the  lemma,  the  resulting  function  a(p)  will 
be  (weakly)  increasing. 

To  verify  Observation  1,  we  note  that  if 


n(p) 


then  Eq.  (A.l)  is  minimized  at  a  =  0  for  p  =  p.  This,  in  turn,  implies 
h(p)  -  b{E)  =  B'(0).34  If 


iV(p) 

— =-  >  0, 

n(p)  ■ 


then  a(p)  >  0,  which  implies  that  b{E)  >  B'(0).  To  see  that  b{E)  >  vi  (where 
=  J5[a  *]),  let  p  *  be  the  lowest  value  of  p  such  that  a(p)  =  a*.^^  Since  B'(a)  = 
for  a  >  a*,  the  expression  in  Eq.  (A.l)  is  minimized  by  a(p)  =  a  *  for  all  p  >  p*. 
Hence  b(E)  =  1/2  for  all  E  >  p  *  +  a  *. 

To  prove  Observation  2,  we  substitute  the  linear-quadratic  function  B(a)  (as  given  in 
Eq.  (12)  into  Eq.  (A.1)  and  solve  for  a(p): 


a(p)=  J 


0 

^  -1  ^  N(n) 
S2  n(p) 
a  * 


for  p  <  p*, 

for  p*  <  p  <  p*,  and 
for  p*  <  p. 


(A.2) 


^^obviously,  the  government  cannot  benefit  by  setting  b>  B'  (0). 

^^Depending  on  the  value  of  E,  it  may  be  that  a(p)  <  a  *  for  all  p  satisfying  p  +  a(p)  <  £ .  If  so,  b{E)>V2 
for  all  admissible  cost  estimates. 
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The  values  jii  ♦  and  [i  *  are  determined  by  the  equations: 


1-^  I  ^<4*) 

^  n(jLi*)  ^  n(jx*) 


=  a 


Recalling  Eq.  (9),  we  obtain; 

fc[|x  +  a(ji)]  =  ^  •  alq). 


(A.3) 


if  |x  <  (i,  * ,  and  b(jj.  +  a*)  =  si  -  S2  •  «  *  for  |i  >  q  * .  It  will  be  convenient  to  rewrite  Eq. 
(A.3)  as: 


b(z)  =  ^  -  52  •  [z  -  y(z)],  (A.4) 

where  q  *+a*  >  z  >  q  *+a(ji*),  and  y(z)  is  the  inverse  of  the  map  defined  by 
=  p  +  a(p).  Differentiation  of  Eq.  (A.4)  yields: 

&'(z)  = -S2«[1-y'(-z)]. 

Therefore,  l/{z)  will  be  increasing  (equivalendy  b[z]  will  be  convex)  if  y(z)  is  convex. 
This  will  be  the  case  if  (t)(jx)  is  concave,  or,  in  light  of  Eq.  (A.2),  if  the  function  h(p)  is 
concave.  This  completes  the  proof  of  Observation  2. 

The  following  is  an  explicit  characterization  of  the  optimal  cost-share  parameters  for 
the  special  case  where  the  benefit  function  B{a)  and  the  prior  distribution  A((p)  sat¬ 
isfy  Eqs.  (12)  and  (13),  respectively. 

Claim:  Given  Eqs.  (13)  and  (14),  the  optimal  cost-share  parameters  h(£)  are  given 
by: 


b{E)  = 


% 


1 


r  +  2 
Si  -  %  •x{E) 
[Si-%  -a* 


{E-Zi) 


for ^  <  E<  z, 

for Zi  <  E<  Z2, 

for  Z2  <  E  <  Z3  ,  and 
for z^<  E<  E, 


(A.5) 


where: 


138  Essays  in  the  Economics  of  Procurement 


Zi  =  11  +  (r  + 1) ' 


1-^ 

% 


Z2  =  m+ - -{m-Zi), 

Z3  =  y  +  a*,  with  y  solving  the  equation , 


= 


r +  1 


r+l 


p-  m) 

m-y/ 


■  -  (p:  -  y)  -  (Zi  -  |X) 


The  function  xiE)  is  increasing  and  convex  with 


T(Z3)  =  0.*,X{Z2)  = - (Z2  -  Zl), 

r  +  2 

x'iE)  >  — ^  for  all  E  e  (Z2.  ^a)- 
r  +  2 


Proof:  For  the  probability  distributions  in  Eq.  (13)  we  find  that 


jV(p) 

nip) 


r  +  l 


(m-p) 

2. - 

(p-p)" 


if  p  <  m  and 
if  p  >  m. 


Combining  Eqs.  (A.2)  and  (A.6),  we  obtain: 

fo 


a(p)  = 


1 

r  +  l 

1 

p-p*) 

(m-p)''+^ 
0  *  — 

r  +  l 

P-p)" 

a  * 

-  (p-p)-  (p*-p) 


if  p  <  p  * , 
if  p*  <  p  <  p , 

if  m  <  p  <  p*,  and 
if  p  >  p  *. 


Substitution  in  the  above  equations  for  p*  and  p*  implies  that: 

1-s^ 


p*  =  p  +  (r  + 1)  < 

and  p*  is  given  as  the  solution  to  the  equation: 
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a’ 


r  +  l 


(m-p)''+i 

2* - = - p-p*)-  p*-p) 


(A.6) 
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Correspondingly,  we  obtain  the  cost  estimates  Zj  =  pi  +  a(pi),  with  Z2  =  m+  aim), 
as  given  in  the  statement  of  the  lemma. 

The  lowest  cost-share  parameter  inducing  a(p)  =  0  for  p*  >  p  >  p  is  B'(0)  =  si.  Thus, 
biE)  =  51  for  £o  =  ^  ^  ^  =  •21-  For  p*  >  p  >  p2i  the  firm’s  choice  of  slack  is  inte¬ 

rior,  satisfying 


&lp-i-a(p)]  =  .q-  •alp). 


or,  equivalently. 


biE)  =  \-SilE-rHE)], 
with  p  +  a(p)  s  (|)(p)  =  E.  Since  (|)(m)  =  Z2,  it  follows  that 


1 

(t)(p)  =  p  + - (p-p*), 

r-tl 


for  p*  <  p  <  m,  and  thus. 


b(E)  =51-52 


r  +  2 


iE-zi) 


for  zz'^  E>  z\.  Finally,  .23  =  p  *+a(p*)  =  p  *-i-a  *.  It  follows  immediately  that 
a(p)  =  a  *,  for  p  >  p  *  provided  biE)  =  5i  -  52  •  a  *  for  £  >  Z3 . 

The  claims  regarding  the  function  t(«)  remain  to  be  proved.  Convexity  of  the  func¬ 
tion  t(»)  follows  from  Observation  2.  Continuity  of  the  function  a(»)  combined  with 
the  fact  that  x(E)  =  E-  (t)~t(£)  implies  that 

X{Z2)  = -^  {Z2  -  Z\) 

r  +  2 

and  t:(z3)  =  a  *.  Differentiation  of  x(»)  gives. 


x'{E)  =  l - - - , 


or,  alternatively. 


t'[(t)(p)]  =  1 - 

l-i-  a'(p) 


«’(p) 

a'(p)-i- 1 


(A.7) 


Thus,  x(«)  is  monotone  increasing.  Differentiating  a(jx),  as  given  by  [ii]  on  the 
interval  (m,  p  *)  yields: 
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a' (4) 


Therefore, 


and: 


proving  that 


for  Z3  >  E>  Z2. 


a'(p)> 


a'(p)  ^  1 

l  +  a'ljj.)  r  +  2 


x'{E)  > 


Chapter  Eight 

PROCUREMENT  POLICY  AND  CONTRACTING  EFFICIENCY 
_ by  Anthony  G.  Bower^ 


1.  INTRODUCTION 

This  paper  examines  contractor  incentives  in  a  two-stage  model  of  procurement  that 
incorporates  adverse  selection,  moral  hazard,  and  discretionary  learning.  Optimal 
contracts  are  characterized  for  a  situation  in  which  the  government  can  audit  the 
winning  firm’s  costs  at  specified  times  during  the  engagement.  The  model  is  appli¬ 
cable  to  contracts  both  let  through  negotiations  with  a  single  supplier  and  those  let 
through  competitive  bidding.  While  the  model  is  general  enough  to  include  many 
procurement  situations  with  cost  observability,  it  will  be  especially  applied  to  de¬ 
fense  contracting,  in  which  the  multistage  framework  allows  for  analysis  of  such  real- 
world  features  as  multiple  audits,  partial  commitment  to  the  terms  of  the  contract, 
and  learning  by  doing. 

The  motivations  are  two:  first,  the  theory  of  regulation  and  optimal  contracting  un¬ 
der  incomplete  information;  and  second  and  perhaps  most  important,  from  the 
study  of  the  relative  value  of  various  procurement  contract  options  that  a  principal 
has  at  its  disposal.  Regarding  the  first,  for  the  case  of  a  fixed  procurement  quantity, 
the  analysis  extends  the  theory  of  contracts  under  incomplete  information.  Similar 
to  Riley  (1988),  I  cdlow  the  principal  to  observe  ex  post  a  signal  that  is  correlated  with 
the  agent's  private  information  (i.e.,  the  government  may  audit  the  firm’s  costs).  The 
model  is  a  generalization  to  multiple  periods  of  the  one-shot  models  of  Laffont  and 
Tirole  (1986,  1987)  and  McAfee  and  McMillan  (1986).  The  generalization  allows  ex¬ 
amination  of  several  important  issues  in  contracting  that  cannot  be  addressed  in  the 
simpler,  one-period  frameworks.  These  issues  include  the  value  of  multiple  audits 
and  the  size  of  the  loss  from  imperfect  commitment  to  the  terms  of  the  contract.^ 


^This  paper  is  reprinted  from  Anthony  G.  Bower,  "Procurement  Poiicy  and  Contracting  Efficiency,” 
International  Economic  Review,  Voi.  34,  No.  4,  November  1993.  Copyright  ©  1993  by  The  Economics 
Department  of  the  University  of  Pennsylvania  and  the  Osaka  University  Institute  of  Social  and  Economic 
Research  Association.  Used  by  permission.  The  author  is  indebted  to  two  anonymous  referees  tmd  to 
Kent  Osband,  Stefan  Reichelstein,  and,  especially,  David  Baron  for  many  helpful  comments. 

^The  model  is  also  more  descriptive  of  actual  DoD  practice  and  is  designed  to  address  specific  DoD 
contracting  problems.  It  is  related  to,  and  addresses  some  of  the  same  issues  as,  Baron  and  Besanko  (1984, 
1987a)  and  Riordan  and  Sapplngton  (1987,  1988).  Baron  and  Besanko  study  a  regulatory  relationship 
under  regimes  of  limited  commitment  and  “fairness.”  Riordan  and  Sapping^on  examine  the  design  of 
procurement  contracts  under  limited  commitment  and  the  related  problem  of  awarding  monopoly 
franchises. 
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Like  Laffont  and  Tirole,  who  use  a  one-shot  model,  I  show  for  a  multiperiod  model 
that  a  menu  of  linear  incentive  contracts  can  be  optimal. 

The  optimal  contract  from  an  ex  ante  perspective  requires  the  government  to 
commit  not  to  revise  contracts  even  though  both  the  contractor  and  the  government 
could  be  made  better  off  ex  post  hy  doing  so.^  If  this  commitment  is  not  credible,  the 
government  must  pay  more  to  obtain  truthful  reports.  The  model  provides  a  bound 
on  the  additional  procurement  cost  that  results  from  the  renegotiation. 

The  second  motivation  is  policy  relevance:  The  analysis  allows  for  substantial  flexi¬ 
bility  in  evaluating  the  relative  worth  of  alternative  procurement  instruments  avail¬ 
able  to  the  principal.  This  paper  analyzes  four  procurement  instruments,  which  the 
theoretical  contracting  literature  has  identified  as  optimal  to  use  if  the  costs  of  using 
these  instruments  is  zero.  In  this  paper,  the  analysis  includes  all  four  instruments  at 
once,  but  the  conclusion  is  no  different:  If  implementation  costs  are  zero,  then  all 
four  options  are  useful.  However,  in  the  real  world,  all  of  the  procurement 
instruments  available  cost  the  principal  something  to  employ  and  unlike  most 
previous  papers  in  contracting,  this  paper  identifies  the  relative  benefits  of  each  of 
the  instruments.  Those  benefits  can  then  be  weighed  against  the  potential  costs  to 
serve  as  guidelines  in  determining  the  optimal  contract  under  nonzero 
implementation  costs.  For  an  example  of  how  tangible  these  implementation  costs 
are,  consider  defense  contracting.  The  institutional  literature  of  defense  contracting 
(for  example.  Fox,  1974,  Peck  and  Scherer,  1962,  and  Gansler,  1989)  emphasizes  that 
regulating  and  administering  contracts  consumes  enormous  resources.  Gansler 
notes  that  27,000  people  are  employed  by  DoD  in  administering  contracts.  The  use 
of  a  menu  requires  more  detailed  and  complex  analysis  on  the  part  of  the 
government  and  the  contractor.  Optimal  contracts  that  induce  Pareto  inefficiencies 
in  later  periods  may  be  difficult  for  DoD  to  defend  against  budget  cutters.  The  use  of 
audits  requires  a  large  salaried  team  of  auditors,  and  inducing  competition  incurs 
search  and  bid  preparation  costs. 

Since  administering  contracts  is  costly,  the  question  arises  as  to  which  procurement 
instrument  delivers  the  most  value.  This  paper  provides  an  answer  for  some  special 
cases.  First,  the  procurement  cost  when  a  menu  of  contracts  is  used  is  compared  to 
the  procurement  cost  when  a  single  incentive  contract  is  used.  In  numerical  exam¬ 
ples  for  a  particular  specification,  the  difference  in  cost  between  the  two  alternatives 
is  found  to  be  always  less  than  2  percent  of  total  cost.  Also,  perhaps  counterintuit¬ 
ively,  it  is  found  that  the  value  of  a  menu  may  be  higher  with  more  firms  bidding. 
That  is  ,  a  menu’s  value  may  not  be  highest  for  the  monopoly  case.  Second,  the  pro¬ 
curement  cost  of  contracts  that  use  zero,  one,  or  two  audits  is  compared.  In  the 
model,  audits  are  assumed  to  be  costless.  In  the  examples,  the  value  of  auditing  is 
found  to  be  large  for  one  audit  but  to  increase  very  little  for  more  frequent  audits. 
Third,  the  expected  cost  of  limited  commitment  (defined  as  commitment  plus  ex  post 


^This  requirement  is  particularly  relevant  in  studying  defense  contracting,  because  contracts  are  often 
very  long  and  for  a  variety  of  reasons  are  frequently  renegotiated.  Gansler  (1989)  points  out  that  the  lag 
from  exploratory  development  to  initial  deployment  of  a  weapons  system  is  12  to  15  years  and  has  been 
lengthening.  This  is  one  reason  for  renegotiation. 
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renegotiation  with  the  initial  contract  as  the  status  quo),  compared  to  full  commit¬ 
ment,  is  shown  often  to  be  a  fairly  small  percentage  of  total  expenditures.  Fourth, 
the  gains  to  increasing  the  number  of  bidders,  each  of  which  draws  from  an  identical 
cost  distribution,  are  relatively  much  larger.  Of  course,  all  types  of  contracts  tend  to 
perform  equally  well  in  the  limit  as  the  number  of  bidders  increases,  and  converge  to 
the  first-best,  fixed-price  contract  as  the  number  of  bidders  increases  to  infinity  (i.e., 
the  optimal  contract  in  the  limit  is  fixed  price).  Overall,  one  ramification  of  the 
analysis  is  that  the  general  form  of  the  contracts  used  by  DoD  is  “relatively”  good,  in 
the  sense  that  those  restricted  contract  forms  can  achieve  nearly  optimal  results. 

In  Section  2,  the  model  is  introduced  and  solved  for  the  general  cases  of  commitment 
and  limited  commitment,  given  auditing  of  total  cost.  In  Section  3,  numerical  solu¬ 
tions  are  obtained  assuming  a  uniform  distribution  of  costs  and  quadratic  cost  of  ef¬ 
fort.  In  Section  4,  the  main  results  are  summarized. 

2.  THE  MODEL 
2.A.  Full  Commitment 

2.A.I.  Basic  model.  A  government  wishes  to  maximize  social  welfare.  A  good  of 
given  quality  and  quantity  is  procured  from  a  single  profit-maximizing  firm  and  the 
government’s  demand  is  perfecdy  inelastic.^  Both  quantity  and  total  production 
time  are  normalized  at  one.  Assume  for  now  that  the  government  can  credibly 
commit  to  any  incentive  scheme.  The  issue  of  commitment  is  important  and  is  taken 
up  in  part  B  of  this  section.^ 

Index  time  as  t.  The  time  line  is  shown  in  Figure  8.1.  At  time  zero  (f  =  0),  the  firm 
communicates  with  the  government  and  then  begins  to  produce.  The  period  before 
time  X  is  the  first  period,  and  after  time  X  is  the  second  period.  At  time  X  and  at 
time  1  the  government  has  the  opportunity  to  audit  the  firm  and  to  base  reimburse¬ 
ment  on  the  audits.  The  auditing  time  X  is  exogenous  and  may  be  considered  the 
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Figure  8.1 — Timeline 


generalization  to  multiple  firms  is  straightforward  and  will  be  addressed  in  subsection  2A.7. 

^In  general,  agencies  of  the  government  have  difficulties  committing  to  policies,  particularly  if  the 
relationship  spans  many  years.  For  an  exploration  of  these  issues,  see  Baron  and  Besanko  (1987a). 
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earliest  feasible  audit  time.®  The  government  can  audit  the  firm’s  costs  perfectly  and 
costlessly.^  The  government  is  assumed  to  observe  total  (or  average)  cost. 

The  initial  cost  C  of  production  for  the  firm  is  distributed  according  to  a  common 
knowledge  distribution  function  F(»)  with  density  /(•)  on  a  closed  interval 
[Qnin  >Qnax  !>  with  the  usual  assumption  that  F{QI  f{Q  is  increasing.®  The  firm’s 
cost  is  its  private  information. 

The  firm  may  reduce  costs  by  exerting  unobservable,  costly  effort.  Effort  perma¬ 
nently  improves  production  techniques;  such  improvements  are  referred  to  as  dis¬ 
cretionary  learning.  For  simplicity,  the  firm  may  set  effort  only  twice:  It  sets  first- 
period  effort  r|i  at  time  0,  and  second-period  effort  112  hni®  ^,X,€  (0,1).®  Exerting 
effort  ri^  for  a  length  of  time  dt  reduces  costs  permanently  by  r\i»  dt  at  a  cost  of 
vj/(ri,)*  dt.i®  The  cost  v|/(ri;)«  dt  is  borne  by  the  firm  and  cannot  be  reimbursed  di¬ 
rectly.  The  assumption  that  the  firm  bears  the  full  burden  of  the  cost-deduction  ef¬ 
fort  is  made  without  loss  of  generality,  for  any  cost  reduction  that  can  be  reimbursed 
directly  may  be  imbedded  in  C.  It  is  assumed  that  \|/(»)  is  strictly  increasing  and 
convex.  In  contrast  to  Laffont  and  Tirole  (1986),  in  which  marginal  cost  drops 
immediately  to  the  terminal  value,  in  this  learning  model  the  rate  of  cost  flow 
declines  gradually  over  time,  to  -  (l-^)q2  at  time  1.  Total  costs  Q  in  period  i 

are  Cjy=j^(C~T\it)dt~'KC—()^/2,yv\Y  and  C2  —  J  “^2!^”^))^^™  (1~X-)C>  — 

?L(l-?i)rii  -  [(I- A,)^  /2]q2-  The  government  may  observe  Q  at  time  X  and  Q  at 
time  1  perfectly  by  auditing  the  firm.  Finally,  the  interest  rate  is  assumed  to  be 
zero. 

This  is  a  noncooperative  game  with  asymmetric  information.  Without  loss  of  gen¬ 
erality,  the  game  can  be  represented  by  a  direct  revelation  mechanism,  and  the  reve¬ 
lation  principle  implies  that  attention  may  be  restricted  to  mechanisms  in  which 
the  firm  truthfully  reports  its  type  (initial  cost)  at  0.  To  induce  the  firm  to  report 
truthfully,  the  mechanism  must  be  incentive  compatible  (IC).  It  also  must  be 
individually  rational  (IR)  for  the  firm  to  participate.  Define  C  as  the  firm’s  cost 
report.  A  mechanism  M  is  a  transfer  function  /?(•),  which  specifies  the  payment  and 
cost  targets  for  the  firm  as  a  function  of  the  report  and  audited  costs,  or 
M  =  (i?(C,  Q ,  Q  ),Q  (C),Q  (Q).  The  government  announces  M  before  the  firm’s  re¬ 
port.  The  payment  f?(»)  is  assumed  to  he  made  at  f  =  1  and  induces  effort  q*  and  q* 
from  the  firm.  Deriving  the  optimal  mechanism  is  an  exercise  in  optimal  control 
theory.  It  is  convenient  to  use  qj  and  q2  (which  the  government  cannot  observe,  but 
may  infer)  as  the  control  variables. 


®Thus,  the  model  allows  for  auditing  periods  of  different  lengths.  The  numerical  examples  presented 
below  will  consider  the  special  case  of  X  =  1/2. 

^The  restriction  of  perfect  auditing  will  be  loosened  in  subsection  2.A.6. 

®A  more  general  distribution  could  be  assumed  but  would  complicate  the  analysis  and  exposition 
substantially. 

®None  of  the  qualitative  results  presented  in  this  section  is  affected  by  this  assumption. 

^^Alternatively,  effort  can  be  thought  of  as  the  opposite  of  unobservable  "waste”  or  "shirking."  High 
effort,  for  example,  corresponds  to  low  waste.  The  mathematics  of  the  model  can  adopt  either 
interpretation. 

^^See  Bower  and  Osband  (Chapter  Four)  for  an  application  with  nonzero  interest  rates. 
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The  remainder  of  this  subsection  deals  with  the  full-commitment  case,  and  is  orga¬ 
nized  as  follows.  I  start  with  the  simplest  case  of  one  firm  and  deterministic  costs.  In 
part  A.2,  the  profits  required  to  induce  the  firm  to  participate  and  truthfully  reveal  its 
cost  are  derived.  Using  these  requirements,  the  optimal  transfer  function  i?(«)  for  a 
monopolist  with  no  randomness  in  costs  is  derived  in  A.4.  (As  a  yardstick  to  compare 
the  second-best  solution,  the  first-best  solution  is  provided  in  A.3.)  The  solution  is 
interpreted  in  the  context  of  DoD  profit  policy  in  A.5.  The  solution  is  then  general¬ 
ized  to  the  case  of  uncertainty  in  costs  in  A.6,  and  generedized  further  to  multiple 
firms  with  uncertain  costs  in  A.7.  Subsection  B  performs  the  corresponding  analysis 
(in  abbreviated  form)  for  the  case  of  commitment  plus  renegotiation  (called  limited 
commitment). 

2.A.2.  Individual  rationality  and  incentive  compatibility  conditions.  In  this  sub¬ 
section,  assume  that  there  is  only  one  firm  and  deterministic  costs.  The  incentive 
compatibility  condition  for  the  full-commitment  problem  (IGF),  which  quantifies  the 
rents  to  the  firm’s  private  information,  is  derived  below. 

The  firm  reports  a  cost  C.  The  mechanism  specifies  a  payment  function 
fi(C,  Q  (C),C2  (Q)  and  cost  targets  Q  (Q,Q  (C).  It  is  assumed  that  the  firm  must  meet 
the  targets;  i.e.,  if  a  firm  does  not  meet  its  targets,  it  suffers  an  infinite  penalty  (later  it 
will  be  verified  that  this  restriction  can  be  lifted  without  changing  the  solution).  De¬ 
fine  T|i  (CIC)  as  the  firm's  effort  given  its  report  C  and  its  true  cost  C.  Define  first- 
period  effort  rii  (C)  given  a  truthful  report  Cas  qx  (Qs  qx  (CIC).  For  now,  assume  that 
the  government  has  perfect  observability  of  costs  ex  post  Thus,  the  firm  will  choose 
qx  (QQ  such  that  actual  cost  Cx  equals  targeted  costs  Q,  or 

q  (Q  s  (Q  =  q  (C,  Q  s  (C  i  q. 


so  that 


qx(CIQ  =  qx(Q-H^(C-C).  (1) 

Observe  in  Eq.  (1),  that  for  C  large  enough,  qx  (CIQ  is  negative.  However,  it  is  as¬ 
sumed  that  q,-  >0  and  so  any  report  that  implies  q,  (CIC)<0  will  be  treated  by  the 
government  as  a  report  that  implies  q  ,•  (Cl  Q = 0. 

At  the  time  of  the  second  audit,  audited  cost  must  again  equal  targeted  cost: 

Q(Qs  a-X)C-Xa->.)qx(C)--fl^q2(C) 

=  Q(C,Q=  a-^)C-X.a-X)qx(CIQ--fl^q2(CIQ 


or 


q2  (C I  Q  =  q2  (Q  -t  (C-C)  +  (qx  (Q  -  qx  (C I  Q) . 

1  —  K  1  —  A 


(2) 


146  Essays  in  the  Economics  of  Procurement 


Substituting  Eq.  (1)  yields 


^2iC\Q  =  ^2iQ-J^iC-Q. 


(3) 


Equations  (1)  and  (3)  identify  the  efforts  required  to  meet  the  cost  targets  for  a  report 
C  when  the  true  cost  is  C. 

The  firm’s  net  profit  equals  reimbursements  from  the  government  less  its  costs  of 
production  less  its  cost  of  effort.  Reimbursement  is,  without  loss  of  generality,  a 
lump-sum  transfer  S(  Q  plus  observed  cost: 


C,  C^,  C2)  —  *S(  C)  +  +  Cj2‘ 

The  payment  R  is  made  if  and  only  if  Q  =  Q  and  Q  =  Q;  otherwise,  the  firm  suffers 
an  infinite  penalty.  Thus,  profit  Ui  Cl  Q  of  a  firm  with  cost  C  announcing  C  is 


mC\Q  =  S( C) - A,vi/  (pi ( CIQ)  -  (1  -  r\2 ( CIQ). 

Substituting  Eqs.  (1)  and  (3)  into  Eq.  (4)  gives 


(4) 


[/{Cl  Q  =  S(C)->.\|f| 

-  a  - 


PlCQ  +  f  (C-Q 

A/ 


(5) 


Tl2(Q- 


1-^ 


(C-Q 


Defining  [/(C)  s  [/(CIQ,  and  using  the  envelope  theorem,i2  yields  the  local  incentive 
compatibility  condition 


U'{Q  =  (Q)+  2vi/'(p2  (Q)-  (ICE) 

The  following  is  an  explanation  of  the  intuition  for  the  ICF  constraint  and  of  why  it 
differs  from  the  IC  constraint  in  Laffont  and  Tirole  (1986). In  the  basic  Laffont- 
Tirole  model,  if  a  firm  marginally  exaggerates  its  cost  parameter  ( C  =  C  +  dQ,  it  re¬ 
ceives  a  higher  cost  target.  But  since  its  productivity  is  higher  than  it  claims  it  is,  it 
can  meet  this  higher  cost  target  with  an  effort  level  that  is  lower  than  p(  C)  on  which 
its  payment  is  based.  The  gain  to  the  firm  from  overstating  its  cost  parameter  is 
equal  to  the  difference  between  the  effort  costs  it  is  compensated  for  and  the  effort 
costs  it  actually  must  bear  to  meet  the  cost  target.  To  a  first  order  of  approximation, 
this  gain  is  equal  to  \|/'(r|(Q)  dC. 


is  straightforward  but  tedious  to  show  that  the  derivative  3C  /  dC  (needed  for  the  application  of  the 
envelope  theorem)  exists  almost  everywhere. 

am  grateful  to  a  referee  for  suggesting  this  intuition  and  the  formulation  presented  in  the  next 
footnote. 
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Now,  this  same  effect  operates  in  this  model,  insofar  as  the  first-period  effort  level  tij 
is  concerned.  This  explains  the  first  term  in  (ICF)  (except  for  the  factor  of  two,  which 
reflects  the  fact  that  effort  affects  costs  gradually,  through  learning).  However,  in  this 
model,  first-period  and  second-period  effort  are  substitutes  with  respect  to  second- 
period  production  costs.  If  the  firm  exaggerates  its  cost  parameter  (  C  =  C  +  dQ  and 
reduces  first-period  effort,  it  is  forced  to  increase  second-period  effort  to  compensate 
for  the  reduced  first-period  effort.  Indeed,  the  second-period  effort  level  ti2(CIC) 
that  must  be  expended  to  meet  Q  is  actually  greater  than  the  effort  TI2  ( C)  on  which 
its  payment  is  based  (see  Figure  8.2).  Thus,  there  is  a  cost  of  misreporting  that,  to  a 
first-order  approximation,  is  proportional  to  2^'{y\2{Q)  dC.  This  “effort-substi¬ 
tution”  effect  explains  the  second  term  in  (ICF)  and  works  against  the  usual  rent- 
creation  effect.!'* 

The  derivation  of  the  IR  constraint  is  substantially  less  work.  The  IR  constraint  is  that 
profits  are  nonnegative  for  whatever  cost  the  firm  has.  Thus  U{Q  >0,  VC. 

2.A.3.  First-best  solution.  Before  proceeding  to  the  solution  with  full  commitment, 
it  is  informative  for  comparative  purposes  to  identify  the  first-best  solution,  which  is 
attained  if  the  government  can  observe  effort  as  well  as  cost.  In  this  case,  U{Q  =  0  for 


HkmMR462-8.2 


Figure  8.2 — Costs 


the  linkage  between  first-period  and  second-period  cost  is  weakened,  then  this  effort-substitution 
efiect  is  also  weakened.  Imagine  that  the  effects  of  first-period  effort  “depreciate,”  so  that  Q  =  (1  -  X)  C  - 
-  X)tii  - 1/2(1  -  X)  2  T|2  ,  where  (j)  e  [0,1]  is  a  depreciation  parameter.  Then  (ICF)  becomes  U  (C)  =  - 
2m^'(i1i(C))-2[1-2(|))v'(ii2(Q),  which  implies  that  if  ^  <  1/2,  then  rents  will  increase  in  both  first-  and 
second-period  effort  and  the  optimal  contract  will  distort  both  downward.  Note  that  if  <|)  =0,  the  classic 
repeated  solution  of  the  one-shot  game  is  obtained,  because  there  is  no  linkage  between  periods. 
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all  C,  and  the  government  pays  the  firm  its  costs,  which  include  the  cost  reductions 
from  first-best  effort,  so  reimbursement  R^{Q  is 

2  2 
+  (Q)  +  a  -  A,)\|/(ri/  (Q) , 

where  the  first-best  effort  levels  are  denoted  rj/  and  respectively.  Differentiate 
R^  with  respect  to  rj/  and  x]^  to  obtain 

il/'(Ti/(Q)  =  i^.  (FB) 

First-period  effort  is  greater  than  second-period  effort  because  its  benefits  accrue  in 
both  periods.  The  results  are  summarized  in  Proposition  1. 

Proposition  1:  For  the  first-best  case,  for  all  C,  effort  is  given  in  (FB)  above.  The  firm 
makes  zero  profits,  and  the  government  pays  the  firm  its  cost  C  less  net  cost  reduc¬ 
tion  from  first-best  effort. 

2.A.4.  Second-best  solution  with  full  commitment  and  one  firm.  The  government 
realizes  welfare  W  upon  completion  of  the  project.  Assume  that  the  social  cost  per 
dollar  of  transfers  is  a  >  0,  which  results  because  transfers  are  raised  through  some 
distortionary  measure  such  as  a  tax.^^ 

The  government  wishes  to  maximize  VFless  total  social  cost  and,  since  Wis  fixed,  this 
problem  is  identical  to  minimizing  total  social  cost.  Using  the  local  and  global  in¬ 
centive  compatibility  condition,  the  second-best  program  with  full  commitment  is 

min  {  a  +  a)  (pi  (Q) -  4- Pi  (Q  -  (Q 

-ta-?t)v|/(Ti2{C))--^^^Tl2(Q+C  +amQ}nQ  dc  PI 

s.t  [7'(C)=-V(ili(C))+2v'(il2(Q)  (ICF) 


^^This  is  identical  to  the  Laffont  and  Tirole  formulation.  The  parameter  a  may  also  measure  the  degree  of 
dislike  for  firms'  profits  on  the  part  of  the  regulator.  Baron  and  Besanko  have  an  interpretation  in  which  a 
regulator  “weights”  a  dollar  of  consumer  surplus  at  1  and  a  dollar  of  profits  at  a  rate  between  0  and  1.  The 
Baron-Besanko  weight  on  profits  in  this  framework  would  equal  1  /  (1  +  a). 
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U{Q>U{C\Q,  VC 


(GICF) 


U{Q>Q.  (IR) 

eX 

The  second  term  inside  the  brackets  is  the  savings  J^j  hi  •  ^  dt  in  the  first  period  due 
to  first-period  effort.  The  third  term  is  the  savings  in  the  second  period  due  to  first- 
period  effort — this  is  the  effect  of  learning.  The  first  and  fourth  terms  represent  the 
disutility  of  effort.  The  fifth  and  sixth  terms  are  the  cost  reduction  from  second- 
period  effort  and  the  cost  of  the  firm,  respectively.  For  now,  the  global  incentive- 
compatibility  condition  (GICF)  will  be  ignored.  Global  incentive  compatibility  will 
be  checked  in  the  proof  of  Proposition  3. 

The  second-best  program  PI  is  an  optimal  control  program  with  two  controls.  The 
HamUtonian  for  the  program  is 


l2 

Xv(tii  (Q)  -  —  r|i  (Q  -  xa  -  X)T|i  (Q 

+  a-x)i|i(ii2(Q)--^^^Ti2(C)+  c 

-i-p(Q[-2i|/'(Tli  (Q)+  2vy'(Ti2  (0)1  -  y(QC/(Q. 


+  aU{Q  /(Q 


M  +  a) 


The  effort  levels  and  t|2  are  the  controls,  the  profit  U{Q  is  the  state  variable,  p(Q 
is  the  co-state  variable  associated  with  the  (IGF)  condition,  and  y  (Q  is  the  nonnega¬ 
tive  multiplier  on  the  (IR)  constraint.  The  necessary  conditions  on  a  solution,  assum¬ 
ing  that  Til  (0  >  0  T|2  (Q  >  0,  are 


/(oa+d  xx|f'(Tii  (O)-y-xa-x) 


(6a) 


/(Oa+a)^ 


a-x)\|/' (112(0)- 


a-x)2 


-t-2p(Ov"(il2(O)=0 


(6b) 


P'{0=-|77=-[a/(0-y(0] 

aU 


(60 


J7(O>0,  y(O>0,  y(O-C/{O  =  0.  (6d) 

Integrating  Eq.  (6c)  and  imposing  the  transversality  condition  p  (Qiin ) = 0  yields 


p(0=-aF(0-t- .  y(T))  do. 

^  C^tYifn 


(7) 


Rearranging  Eq.  (6a)  establishes  that 
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(Q)= 


2-X  1  2 


2  1+a  X  f{Q 


^vir"(Tii*(Q(aF(Q-f^  Y(u)  dv 

1 1  .1  I  •  L/min 


mm 


(8) 


Similar  manipulations  of  Eq.  (6b)  establish  that 


V'(ri2(Q)=V^+7^T^-^¥"(Tl2(Q(«F(Q-f  Y(u) 

2  l+al-A,/(Q  (  •'Cmin 


(9) 


There  are  two  possible  types  of  solutions;  a  complete  characterization  of  the  solution 
for  each  type  is  provided  below.  In  the  first  case,  U'iQ<0  (called  the  “uncon¬ 
strained”  case)  for  all  values  of  C.  This  will  occur  if  Q^ax  “  Qnin  is  not  “too  large.”  In 
this  case,  UiQ  >  0  for  all  C<  Qnax-  The  second  case  (the  “constrained”  case)  is  when 
17'(Q  =  0  for  at  least  some  portion  of  the  cost  distribution.  A  special  case  of  this 
solution — a  uniform  cost  distribution  and  quadratic  v|/(»)  (hereafter  referred  to  as  the 
“uniform- quadratic  case”) — is  then  used  in  the  numerical  examples  in  Section  3. 

2.A.4.I.  The  unconstrained  case.  The  following  proposition  characterizes  the  opti¬ 
mal  solution  for  the  case  in  which  C/'(Q<0  for  all  C  and  \|/(»)  is  quadratic,  where 
\|/(r|,  )  =  iKI2)  qf  for  some  constant  K. 

Proposition  2:  Assume  that  \|/(»)  is  quadratic  and  define  H{Q  =  F{Qlj{Q.  Then,  if 
iT(Qjiax)=l/  /(Qnax)<  [(l+cc)/a][^(l-^)/4F],  the  unconstrained  case  holds  and  the 
optimal  solution  is  characterized  by: 

(i)  Pi  (Q=  [(2-A,)/2F]-  [a/ (l-i-a)]  (2IX)H{Q.  First-period  eff'ort  is  decreasing  in  C. 

(ii)  q2(Q-  [(l-^)/2i(n-i- [a/(l-i-a)][2/(l-^)]/i'(Q.  Second-period  effort  is  increas¬ 
ing  in  C. 

(iii)  U'{.Q  =  -l+[a/0.+a]][4K/X0.-X]]HiQ<O,U"{Q=  [a/a+a)][4K/^a-A,)]f/'(Q> 0, 
and  [/(Q  >  0  for  C<  Qnax  U{  Qnax)  =  9. 

(iv)  [rf(q/(Q-qi*(Q)/£i?.]<0. 

(V)  [di^{{Q-^i{Q)/da]>Q. 

(vi)  Y(C)  =  0  VC<Qnax- 
Proof:  See  the  appendix. 

The  restriction  above  requiring  \i/(*)  to  be  quadratic  is  not  necessary  but  allows  a 
sufficiency  theorem  from  Takayama  (1985)  to  be  applied.  In  the  one-period  model  of 
Laffont  and  Tirole  (1986),  the  condition  \|/"'>  0  is  sufficient.  In  this  model,  because 
of  the  plus  term  in  the  local  incentive  compatibility  condition,  a  stricter  condition  is 
required.  The  form  of  the  stricter  condition  will  not  be  pursued  here;  instead,  it  will 
be  assumed  that  v|/(»)  is  quadratic. 
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Using  Proposition  2,  part  (vi),  Eq.  (8)  states  that  first-period  effort  will  equal  the  first- 
best  level  minus  some  amount  that  increases  in  C.  Thus,  first-period  effort  decreases 
in  reported  cost.  In  Eq.  (9),  second-period  effort  is  equal  to  the  first-best  level  plus 
some  amount  that  increases  in  C.  Thus,  the  government  requires  greater  than  first- 
best  effort  from  the  contractor  in  the  second  period — to  punish  severely  the  firm  for 
any  misreporting  that  it  may  do  initially.  Again,  a  low-cost  firm  that  submits  a  high- 
cost  report  has  a  higher  rate  of  cost  at  time  X  than  its  reported  type  C,  and  thus  must 
“catch  up”  in  the  second  period.  If  super-normal  effort  is  already  required  by  the 
government,  then  catching  up  is  extremely  costiy  to  the  firm.  Thus,  requiring  super¬ 
normal  effort  in  the  second  period  cuts  rents  by  making  misreporting  less  attractive. 

The  intuition  for  parts  (i)  and  (ii)  in  Proposition  2  is  as  follows.  Profits  for  the  firm 
are  obtained  by  integrating  the  (IGF)  constraint,  or  U{C)  =  &|/'fni(z))- 

\l/'(ri2(^))]  dz  +  U{C^^).  First-best  effort  has  > q/  (see  Proposition  1),  and  thus 
firms  would  earn  rents  if  the  first-best  scheme  is  used.  Note  that  a  big  difference 
between  q^  and  q2  by  a  high-cost  firm  is  reflected  in  a  higher  profit  for  all  firms  with 
lower  costs,  so  effort  near  the  first-best  level  should  be  encouraged  more  for  low-cost 
firms.  For  a  given  type  C,  gains  from  effort  to  DoD  are  the  savings  on  procurement 
cost  (1  +  a)/(Q[(^^/2)qi  +  A,(l-A,)qj-A,\j/(qi)-i-[(l-A.)^/2]q2-(l-X)\ir(q2)],  while  the 
losses  for  a  type  Care  profits  to  all  of  the  firms  “below”  C,  or  aF(Q[\|/'(qi)-x|/'(q2)]- 
Since  FiQ/fiQ  is  strictly  increasing,  this  implies  that  q^fQ-q^fQ  shrinks  as  C 
increases. 

Parts  (i)  and  (ii)  plus  (IR)  imply  part  (iii).  Part  (iv)  implies  that  a  shorter  time  period 
to  the  first  audit  results  in  a  more  drastic  distortion  of  q^  from  the  first-best  level. 
The  cost  of  distorting  away  from  first-best  effort  is  less  (because  the  cumulative  ef¬ 
fects  of  effort  distortions  are  less  over  a  short  period),  and  so  a  larger  distortion  is  in¬ 
duced,  which  makes  concealment  more  expensive  for  the  firm.  Part  (v)  states  that 
the  size  of  the  distortion  in  effort  is  increasing  in  the  cost  of  transfers  a.  For  example, 
for  small  a,  the  government  does  not  mind  large  profits  because,  by  assumption,  it  is 
relatively  cheap  to  raise  the  funds  to  pay  the  profits.  In  that  case,  large  distortions  in 
effort  away  from  the  first-best  that  create  a  relatively  large  deadweight  loss  will  be 
avoided. 

Proposition  3  states  the  optimal  transfer  function  for  the  case  of  (/'  <  0  (or 
“unconstrained”  case),  a  single  firm,  and  no  uncertainty  in  costs. 

Propositions:  Define 

S{Q  =  Xi|i(q!  (Q)  +  a  -  ^)v|A(q2  (Q) 

[2v|i'(qi*  (Q)-  2^v'{^2  (Q)  dC. 

Under  the  assumptions  of  Proposition  2,  the  transfer  function  R(C,  Q ,  Q )  = 
S(C)+ Q -E  Q(if  and  only  if  Q  =  Ci  and  Q  =  Q)  implements  the  solution  in 
Proposition  2. 


Proof:  See  the  appendix. 
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2.A.4.2.  The  constrained  case.  In  the  unconstrained  case,  {d^ildC)  <  0  and 
(dTi2/dQ  >  0  and  rii(Qnin)  >  'Ha^Onin)-  For  C  sufficiently  large,  rjilQ  and  ri2(Q 
will  be  equal  and  thus,  from  (ICF),  U'{Q  =  0.  Let  Q  =  inf  {C I  U'{Q  =  0}.  From 
Proposition  2,  it  is  easily  seen  that  iT(Q)  =  [(1  +  a)/a][^(l  -  ?i)/4K].  For  C<  Q,  the 
behavior  of  the  solution  is  exactly  as  in  Proposition  2.  For  C  >  Q,  a  theorem  from 
Baron  and  Besanko  (1987b)  (Appendix  A)  may  be  used  to  show  that  for  all  C, 
U"{C)  >  0.  This  weak-convexity  condition  is  sufficient  to  imply  that  U{Q=  U'{Q=0 
for  all  C  >  Q  (see  Figure  8.3  for  the  diagram  and  the  following  proposition  for  the 
proof).  These  results  are  summarized  in  Proposition  4  and  used  in  Section  3  to  com¬ 
pare  the  efficiency  of  various  contracts. 

Proposition  4:  Assume  that  rji (•)  is  quadratic  and  that  Hi  ^  [(1  +  a)/a][A.(l- 
X)I4KI.  Then  the  constrained  case  holds  and  the  optimal  solution  is  characterized 
by: 

(i)  For  C<  Q,  all  of  the  results  from  Proposition  2  hold. 

(ii)  For  C>  Q,  %  (Q  =  =  (1/210.  Also,  UiQ  =  0  and  U'iQ  =  U"iQ  =  0. 

(iii)  The  transfer  function  Ri  C,  Q,  Q)  =  S(  C)  +  Q  +  Q  (if  and  only  if  Q  =  Q  and  Q 
=  Q),  with  S(  C)  defined  in  Proposition  3,  implements  the  solution. 

Proof:  See  the  appendix. 

Total  savings  from  cost  reduction  for  firms  with  C  >  Quin  are  strictly  less  than  first 
best.  Thus,  the  optimal  solution  trades  some  loss  in  cost  reduction  for  some  reduc¬ 
tions  in  the  rents  to  the  firm. 


BMDMR462-8.3 


Figure  8.3 — ^The  Constrained  Solution 
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2.A.5.  Implementing  the  optimal  contract  in  the  context  of  DoD  profit  policy.  A 
profit  policy  contract  specifies  a  lump-sum  transfer  plus  markups  mi{C)  and 
m2  ( C)  that  apply  to  cost  overruns  and  underruns:  R{,  C,  Q,  Q)  =  S(  C)  +  Q  +  Q  + 
mj  ( Q  [  Q  -  Q]  +  m2  ( C)  [  Q  -  Q],  where  the  terms  in  brackets  are  the  cost  overruns 
or  underruns.^®  The  markups  induce  effort  rjj  ( C)  and  r|2  ( Q.  The  markups  m^  ( C) 
and  m2  ( Q  will  now  be  derived,  assuming  a  uniform  distribution  over  [Qjjjn ,  Qjgx  1  > 
a  quadratic  cost  function  \|/{ri  j)  =  (K/2)  qf ,  and  a  =  oo  (this  corresponds  to  the  case 
in  which  DoD  minimizes  costs).  Equations  (8)  and  (9)  then  specify  optimal  effort  as 

h!{Q  =  ^-|(C-  q„in) 

if  C<  Q  =  Quin  +  [X(l~  A-)/4Jq.  The  benefits  of  exerting  r\2iQ  are  [(1-  Xf  I2]'x\2  - 
(1  +  m2)[(l  -  'kf  12]  r[2>  and  the  costs  are  (1  -  X)iKI2)  ql-  The  firm  chooses  q2  to 
maximize  net  benefits.  Equating  marginal  benefit  to  marginal  cost,  and  substituting 
for  q2  (Q,  yields  the  markup  that  induces  the  proper  level  of  effort  q2  ( C): 

m2iQ  = - ^{C-C;nin)-1-  (10) 

If  C>  Q  then  m^CQ  =  -  14K/{1  -  Xf]aa  -  X)/4K)  -  1  =  -  [1/(1  -  X)].  For  first- 
period  effort,  the  benefits  are  ( A?/2)qi  +  A,(l  -  ^)qi  -  (1  +  mi)(X^/2)qi  -  (1  +  m2) 
(1  -  A. )  qi ,  and  costs  are  X  [K! 2)  qf ,  The  first-order  condition  yields 

(O  “  ry  Qnin  ^  (11) 

A^a-^) 

If  C>  Q  then,  substituting  Q  in  for  C,  m^  ( Q  =  1/  A .  Observe  that  ml  is  increasing 
in  C  and  that,  for  C  >  [  A^  (1  -  A)/4kr(l  -  A)]  -1-  Qnini  ^l  >  0  and  the  firm  is  thus  paid 
extra  profit  for  overruns.  Of  course,  this  profit  is  taken  away  at  the  end  of  the  second 
period  because  first-period  cost  overruns  carry  over  to  the  second  period,  where  they 
are  penalized  heavily  by  a  very  low  m2 . 

Equation  (10)  shows  that  the  second-period  markup  is  negative,  i.e.,  the  government 
not  only  does  not  reimburse  the  firm,  but  charges  it  a  percentage  of  its  cost  overruns. 
These  extreme  incentives  induce  effort  in  excess  of  the  first-best  level  in  the  second 
period.  The  result  in  Eq.  (11)  is  roughly  similar  to  a  result  in  Bower  and  Osband.  For 
a  discussion  of  its  comparative  statics,  see  Chapter  Four. 


^®The  analysis  here  also  could  determine  "cost-share"  parameters,  rather  than  markups.  For  those  who 
prefer  cost  shares,  substitute  tn  =  -  0,  where  0  is  the  cost  share. 

^^Markups  in  DoD  have  much  less  variability  than  identified  as  optimal  by  this  model,  possibly  because 
political  considerations  and  notions  of  “fairness”  prevent  highly  uneven  payments  over  time. 
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2.A.6.  Noise  costs.  The  analysis  so  far  has  been,  using  the  terminology  of  Rogerson 
(1987),  for  a  “standard”  self- selection  problem.  That  is,  the  model  has  no  random¬ 
ness  in  costs  or  in  the  audit.  In  this  subsection  “generalized”  cost  functions  of  the 
form  Q  =  Q  +  %,  and  Q  =  Q  4-  £2,  in  which  e,-  are  random  variables  with  mean 
zero,  are  assumed.  The  government  observes  the  realization  Q  +  of  Q  at  t  =  , 
and  the  realization  Q -i-e2  of  Q  at  t=  l,and  bases  its  reimbursements  upon 
R{C,  Q  -t  El ,  Q  +  £2 )  • 

In  2.A.4  and  2A.5,  the  government  implemented  the  contract:  pay  R(  C,  Q,  Q)  if 
audited  costs  Q  =  Q  and  Q  =  Q,  and  -<=0  otherwise.  Because  of  the  randomness  in 
costs  (or  noise  in  the  audit),  this  contract  is  no  longer  feasible,  as  the  firm  would  be 
unwilling  to  participate.  Given  the  introduction  of  noise,  the  optimal  form  of  R(»)  is 
not  transparent.  However,  it  can  be  shown  that  a  particularly  simple  form  of  R(»)  is 
optimal:  The  transfer  should  be  R{C,  Q  -1-  ci,  Q  -1-  §2)  =  ‘5(  Q  +  Q  +  §1  -r  Q-He2  + 
mi(  C)(  Q  4-  81  -  Q)  4-  m2(  C)(  Q  4-  §2  -  Q))  in  which  the  lump-sums  S(  C)  and  the 
markups  and  m2  are  derived  from  the  solution  to  the  standard  problem  identi¬ 
fied  above.  Thus,  a  key  result  of  Laffont  and  Tirole  (1986)  generalizes  to  this  model. 

Proposition  5:  The  solution  (a  menu  of  linear  contracts)  identified  for  the  standard 
self- selection  problem  is  optimal  for  the  generalized  problem. 

Proof:  See  the  appendix. 

2.A.7.  Multiple  firms.  The  preceding  analysis  assumes  a  single  firm;  now  assume  N 
identical  firms  in  the  industry.  Laffont  and  Tirole  (1987)  have  shown  that  it  is  easy  to 
transfer  the  result  to  the  case  of  multiple  firms  with  independent  and  identically  dis- 
tributed  costs.  In  this  case,  the  winner  receives  a  profit  of  -J^i  U'iQdC,  instead  of 
U'iQdC,  where  C'  is  the  ith  lowest  report.  From  the  winning  firm’s  perspec¬ 
tive,  C?  is  exogenous,  so  incentive  compatibility  is  maintained,  regardless  of  the 
strategies  of  the  other  firms. 

2.B.  Commitment  Plus  Renegotiation 

2.B.I.  Basic  model.  The  full-commitment  solution  requires  greater  than  first-best 
effort  in  the  second  period,  so  an  opportunity  for  ex  post  renegotiation  of  the  con¬ 
tract  arises. In  particular,  at  time  X  a  Pareto-improving  contract  can  be  written  in 
which  effort  is  set  at  the  first-best  level.  A  lack  of  credible  commitment  not  to  rene¬ 
gotiate  at  time  X  will  preclude  implementation  of  the  original  contract.  In  this 
“limited  commitment”  case,  the  types  of  renegotiation  must  be  clarified.  Here,  it  will 
be  assumed  that  the  government  may  credibly  commit  to  a  particular  transfer  func¬ 
tion  R(C^,  C^,  q,  Q)  =  S(C?,  c^)4-  q4-  Q4-  mi(C*)(q-  q)4-  m2(Q)(Q-  Q). 
This  is  the  status  quo  contract.  The  firm  may  also  commit  to  that  contract.  However, 
both  parties  may  agree  at  time  X  to  voluntarily  renegotiate. 


equilibrium,  the  firm's  report  at  f  =  0  has  revealed  its  cost.  It  is  assumed  that  the  government  may  at 
least  commit  to  its  mechanism  for  the  period  t  e  [0,  X  ]. 
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Suppose  the  parties  cannot  commit  not  to  renegotiate  the  original  contract  at  time 
A, .  This  modifies  the  objective  function  in  PI  and  also  changes  the  (IC)  constraint,  as 
the  firm  knows  that  the  contract  is  renegotiable  and  takes  that  into  account  when  it 
reports  its  cost.  In  this  subsection,  a  separating  contract  will  he  constructed  that  en¬ 
tices  the  firm  to  tell  the  truth  about  its  cost  at  time  0  and  that  incorporates  a  fixed- 
price  contract  after  time  A .  Laffont  and  Tirole  (1988b)  show  in  a  similar  model  that  a 
separating  contract  is  never  optimal,  and  Baron  and  Besanko  (1987a)  identify  a 
pooling  equilibrium  that  marginally  improves  welfare.  The  idea  is  that  a  pooling 
equilibrium  loses  some  efficiency  because  the  policy  is  not  completely  responsive  to 
type  but  saves  ex  ante  on  information  rents  that  must  be  given  to  the  firm  to  reveal  its 
type.  However,  as  in  the  example  in  Baron  and  Besanko,  the  examples  in  Section  3 
suggest  that  the  benefits  to  the  full-commitment  contract  relative  to  even  this  fully 
separating,  limited-commitment  contract  will  be  very  small  in  percentage  terms. 
Nevertheless,  the  contract  derived  in  2.B.3.  is  not  the  optimal  contract.  Hence,  the 
solution  for  the  limited  commitment  case  that  will  be  presented  here,  namely,  a 
separating  contract,  identifies  only  an  upper  bound  on  the  losses  identified  in  Sec¬ 
tion  3  because  of  the  limited  commitment  powers  of  the  government.  The  derivation 
of  the  solution  is  obtained  using  the  same  methods  as  in  subsection  2.A.  The  solu¬ 
tion  to  the  monopoly,  no-noise  case  easily  generalizes  to  the  multiple-firm,  noisy- 
monitor  case. 

2.B.2.  Incentive  compatibility  condition.  The  derivation  of  the  incentive  compati¬ 
bility  condition  proceeds  along  the  same  lines  as  in  Section  2.A,  with  the  additional 
constraint  that  r\2^Q=  fi/-  This  yields  a  condition  of 

U'iQ  =  -2\|/'fni(C))+ 1-  A.  (ICL) 

Note  that  2  \|f'(ri2  (Q)  =  1  -  A  if  t|2  is  set  at  the  first-best  level,  so  (ICL)  is  of  the  same 
form  as  (ICF).  The  term  1  -  A  arises  because  of  the  effect  outiined  in  Figure  8.2. 
However,  the  rents  are  not  decreased  by  as  much  as  in  the  full  commitment  case,  be¬ 
cause  the  government  can  no  longer  credibly  commit  to  extracting  super-normal  ef¬ 
fort  in  the  second  period.  This  makes  it  easier  for  the  firm  to  conceal  misreporting  in 
the  first  period  with  hard  work  in  the  second. 

2.B.3.  Solution  with  commitment  and  renegotiation.  This  section  solves  for  the  op¬ 
timal  fully  separating  contract  under  commitment  and  renegotiation.  The  govern¬ 
ment’s  problem  is 


mm 


‘"fc 


I  a  +  a)|  Axy (Til  (Q)  -  —  Til  (Q  -  Aa  -  A)ni  (Q 


+a 


+  aUiQ\fiQ  dC 


(P2) 


s.t.  f/'(Q=-2v'(Tii(C))+l-A 


,(1CL) 
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r/(Q>t/(CIQ,  VC  (GICL) 

mQ>0.  (IR) 

The  limited- commitment  solution  is  similar  to  the  results  for  the  full-commitment 
solution.  Proposition  6  is  the  analog  of  Proposition  4  for  the  limited-commitment 
case.  Define  C^asinf  {CIC/'{Q=0}. 

Proposition  6:  Assume  a  quadratic  tjr  and  limited  commitment.  Then 

(i)  ForC<  Cy,  rii*(Q  =  [(2-  X,)/2iq  -  [a/{l  +  a)](2/^)/f(Q  and  =  [{1- 'k)l2K]. 
Profit  f/{Q  >  0  and  U'iQ  =  -l  +  [a/(l  +  am4K/X)H{Q  <  0  and  [7"{Q  =  [a/(l  + 
am4KIX)H'iQ>0. 

(ii)  For  C>  Cy,  Ri* (Q  =112(0  =  (d  "  Profit  f/(Q  =  0  and  U'{Q  =  U"{Q  =  0. 

(iii)  Profits  are  equal  or  higher  for  the  firm  under  renegotiation  than  under  full 
commitment. 

Proof:  See  the  appendix. 

The  markups  associated  with  the  limited- commitment  solution  can  be  easily  de¬ 
rived,  but  are  omitted  here. 

3.  COMPARISONS 
3  A.  Performance  Comparisons 

The  solutions  to  two  procurement  models  have  been  derived  here.  Bower  and  Os- 
band  provide  a  solution  to  a  third  model,  which  involves  a  single  (optimal)  incentive 
contract  (i.e.,  the  government  offers  an  incentive  contract  with  the  same  markup  for 
every  type  of  firm)  in  the  first  period  and  a  fixed-price  contract  in  the  second  period. 
It  has  been  shown  that  the  full-commitment  menu  does  best  and  the  limited- 
commitment  menu  does  second  best.  The  Bower-Osband  contract  is  just  the 
limited- commitment  contract  with  the  additional  restriction  of  no  menus,  and  so  it 
does  third  best.  However,  besides  the  ordinal  ranking  of  these  contracts,  the  mag¬ 
nitudes  of  the  gains  fi-om  using  these  more  complicated  schemes  are  of  interest.  It  is 
difficult  to  obtain  analytic  solutions,  as  can  be  verified  from  inspecting  Eqs.  (8)  and 
(9)  and  Proposition  3.  Therefore,  numerical  solutions  to  examples  have  been  used  to 
compare  contract  efficiency.  I  will  compare  these  three  schemes  to  two  simpler 
schemes — a  pure  fixed-price  contract  and  a  pure  cost-plus  contract.  The  three 
schemes  previously  characterized  can  be  viewed  as  increasingly  sophisticated  com¬ 
binations  of  fixed-price  and  cost-plus  contracts.  Thus,  we  have  five  contracts  to 
compare,  plus  a  sixth  type  of  contract,  the  full-information,  first-best  contract  in 
which  the  government  pays  the  low-cost  firm  its  costs,  and  extracts  first-best  effort  as 
well. 


^^Several  results  have  been  verified  analytically  for  the  uniform-quadratic  case. 
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For  illustrative  purposes  consider  two  examples.  Assume  a  uniform  density,  a  = 
(thus  the  government  wishes  to  minimize  total  project  costs),  a  quadratic  effort 
function  with  constant  .01,  and  X  =  .5.  First-hest  effort  yields  total  cost  reduction 
of  31.25.  Table  8.1  shows  expected  total  cost  to  the  government.  All  expectations  in 
this  section  are  taken  with  respect  to  F(*);  i.e.,  the  government’s  expected  cost,  before 
it  learns  the  reports  of  the  firms.  In  the  case  of  costs  distributed  uniformly  in  the  in¬ 
terval  [100, 130]  and  N=2,  one  can  see  that  the  menu  of  contracts  with  commitment 
(FC)  with  an  expected  cost  of  97.27,  the  menu  with  limited  commitment  (LC)  (98.51), 
and  the  Bower-Osband  solution  (SI)  (100.31)  differ  by  little,  although  all  three  do  no¬ 
ticeably  better  than  the  cost-plus-fixed-fee  (CPFF)  (110)  (the  fixed  fee  here  is  zero  for 
comparative  purposes)  or  the  fixed-price  (FP)  (104.38)  contract.  The  fixed-price 
contract  does  better  than  the  cost-plus  because  the  possible  range  of  costs  [100, 130] 
is  relatively  narrow,  thus  losses  to  adverse  selection  are  small.  Both  the  FC  and  LC 
solutions  generate  slightly  more  cost  reductions  than  the  SI  solution.  Again,  the  LC 
cost  is  an  upper  bound  on  the  costs  to  the  government  under  renegotiation. 

If  the  range  of  costs  is  wider  ([100, 200)],  then  the  cost-plus  contract  outperforms  the 
fixed-price.  Again,  in  this  case,  all  three  of  the  more  sophisticated  schemes  outper¬ 
form  the  simple  contracts,  but  the  difference  between  the  single-incentive  contract 
(123.69)  and  FC  scheme  (120.69)  is  only  2.6  percent.  Since  commitment  not  to  rene¬ 
gotiate  is  unlikely,  particularly  in  a  long-term  DoD  engagement,  the  better  compari¬ 
son  may  be  SI  and  LC  (123.45).  They  differ  by  only  0.4  percent!  In  the  example  with 
costs  in  [100, 130],  the  gain  is  3.1  percent  to  FC  and  1.9  percent  to  LC  when  compared 
to  the  single-incentive  contract.  The  gain  to  using  the  more  sophisticated  menu  of 

Table  8.1 

Uniform  Distribution,  K=  .01,  X  =  0.5,  a  =  ~ 


Contract 

[100, 130] 

[100, 2001 

Prod. 

Cost 

Firm 

Profit 

Total 

Cost 

Prod. 

Cost 

Firm 

Profit 

Total 

Cost 

iV=l 

FB 

99.38 

0 

99.38 

50 

134.38 

0 

134.38 

50 

FC 

102.07 

.10 

102.17 

.41 

137.31 

.03 

137.34 

47 

LC 

103.89 

.87 

104.76 

32 

140.11 

.26 

140.37 

44 

SI 

105.63 

0 

105.63 

29 

140.63 

0 

140.63 

44 

CPFF 

115 

0 

115 

-2 

150 

0 

150 

34 

EP 

99.38 

15 

114.38 

0 

134.38 

50 

184.38 

0 

N=2 

FB 

94.38 

0 

94.38 

67 

117.71 

0 

117.71 

67 

FC 

96.77 

.5 

97.27 

57 

120.42 

.27 

120.69 

64 

LC 

97.01 

1.5 

98.51 

53 

122.94 

.51 

123.45 

61 

SI 

98.31 

2.0 

100.31 

47 

123.69 

0 

123.69 

61 

CPFF 

110 

0 

110 

15 

133.33 

0 

133.33 

51 

EP 

94.38 

10 

104.38 

33 

117.71 

33.33 

151.04 

33 

^Percentage  of  potential  savings,  with  FP,  Af  =  1  total  costs  defined  as  0  percent  and  FP, 
N=  oo  total  costs  defined  as  100  percent. 
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contracts  is  that  they  can  "fine-tune”  the  tradeoff  between  moral  hazard  and  adverse 
selection.  Since  adverse  selection  dominates  moral  hazard  in  the  example  with  costs 
in  [100, 200],  schemes  that  trade  off  the  two  tend  to  perform  about  the  same.^o 

The  closeness  in  expected  total  procurement  cost  does  not  change  for  these  exam¬ 
ples  even  if  there  is  only  one  firm.  Observe  that,  in  the  example  with  costs  in  [100, 
130],  LC  and  SI  actually  become  closer  together  as  N  decreases.  The  intuition  is  in 
Section  3.B.I. 

Another  way  to  measure  performance  of  the  contracts  is  to  compare  them  to  two 
yardstick  contracts:  first,  the  fixed-price  contract  with  one  firm  in  the  industry  and 
second,  the  fixed-price  contract  with  an  infinite  number  of  firms  (which  yields  Qjjin 
less  first-best  efficiency  gains).  Cost  savings  relative  to  the  monopoly  contract  are 
measured  as  a  percentage  of  cost  savings  achieved  by  the  perfect-competition  con¬ 
tract  and  shown  in  Table  8.1.  For  example,  with  two  firms,  a  fixed-price  contract 
garners  one-third  of  the  gains,  since  E{C?)  lies  one-third  of  the  way  from  the 
monopoly  contract  toward  the  perfect  competition  contract.  If  costs  are  distributed 
in  [100,  200],  then  a  cost-plus  contract  manages  to  extract  51  percent  of  the  gains, 
and  FC,  LC,  and  SI  capture  over  60  percent  of  the  gains.  In  the  example  with  costs  in 
[100,  130],  there  is  more  of  a  tradeoff  between  the  two  informational  asymmetries, 
and  as  a  result  the  more  finely  crafted  FC  and  LC  schemes  perform  relatively  better 
than  the  single-incentive  contract. 

3.B.  Value  of  Procurement  Instruments 

All  of  the  procurement  instruments  available  cost  the  government  something  to 
employ.  This  subsection  identifies  the  benefits  of  each  instrument.  Those  benefits 
can  then  be  weighed  against  the  potential  costs  to  serve  as  guidelines  in  determining 
policy. 

The  benefits  are  identified  by  measuring  performance  differences  among  different 
contracts.  Of  course,  the  size  of  the  benefits  depends  on  the  values  of  the 
parameters.  For  example,  the  value  of  a  menu  depends  upon  the  value  of  seven 
other  parameters:  Qnjn,  Qnax>  the  ability  or  inability  to  commit,  and  the 

number  of  audits  conducted.  Nevertheless,  comparisons  of  examples  reveal,  to  a 
reasonable  approximation,  the  value  of  each  procurement  instrument  as  a  function 
of  the  parameters.  Space  considerations  prevent  the  enumeration  of  many  of  the 
parameter  combinations,  but  some  of  the  most  important  and  interesting 
combinations  are  shown  in  what  follows. 

3.B.I.  Value  of  a  menu.  In  all  of  these  cases,  the  quantity  procured  is  fixed  at  one 
unit,  so  the  benefits  from  adjusting  the  quantity  to  the  firm’s  costs  are  not  present. 
The  value  of  the  single-incentive  contract  scheme  thus  comes  from  using  one  incen¬ 
tive  contract  that  trades  off  adverse  selection  and  moral  hazard.  The  limited- 
commitment  schemes  use  a  menu  of  incentive  contracts  fi'om  which  the  firm  picks. 


on 

^^The  examples  above  assume  a  =  ©o — perhaps  the  differences  between  contracts  are  larger  for  lower  a . 
However,  as  a  ^  0,  all  of  the  incentive  contracts,  in  the  limit,  converge  to  a  fixed- price  contract. 
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For  this  model,  this  self-selection  feature  constitutes  a  second-order  refinement  of 
the  contracts,  and  consequently  cost  savings  are  typically  small.  In  the  examples,  a 
single  incentive  contract  performs  quite  a  hit  better  than  a  fixed-price  or  cost-plus 
contract,  and  98  to  99.8  percent  as  well  as  a  menu  of  contracts.  Apparently,  at  least  in 
the  uniform-quadratic  case,  one  incentive  contract  does  almost  as  well  as  an  infinite 
number.  Furthermore,  there  have  been  no  examples  discovered  to  date  in  which  the 
value  of  a  menu  exceeded  2  percent  of  procurement  cost. 

The  value  of  a  menu  has  an  interior  maximum  with  respect  to  the  size  of  the  support 
of  the  distribution,  holding  other  parameters  constant.  See  Figure  8.4.^!  If  - 
Qniji  is  zero,  then  a  fixed-price  contract  is  optimal  and  the  value  of  a  menu  is  zero.  If 
Qnax  “  Qnin  is  very  large,  then  (almost)  all  firms  are  in  the  range  in  which  U{Q  =  0 
and  the  SI  contract  can  implement  that  solution,  and  a  menu  is  not  necessary.  The 
value  of  a  menu  attains  its  maximum  for  some  intermediate  value  of  Qnax  ~  Qnin- 
One  implication  of  this  result  is  that  the  value  of  a  menu  may  be  higher  for  multiple 
firms  than  for  just  one  firm.  That  is,  perhaps  somewhat  counterintuitively,  the  gains 
to  this  contract  refinement  may  not  be  largest  for  the  monopoly  case.  The  reason  for 
the  result  can  be  deduced  from  inspection  of  the  optimal  solution  for  the  uniform- 
quadratic  case.  See  Figure  8.5.  Observe  that,  for  all  C>  Q,  a  single  incentive  con¬ 
tract  is  used;  it  is  only  in  the  region  C  <  Q  that  a  menu  is  actually  used.  Therefore,  if 
Qnax  is  much  larger  than  Q,  and  there  is  only  one  firm,  then  a  menu  is  worth  little. 

RANDMfl462-a4 
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Figure  8.4 — ^Value  of  a  Menu  and  Commitment  (uniform /(•)) 
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The  result  has  been  verified  analytically  for  the  uniform-quadratic  case. 
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As  N  increases,  the  distribution  of  the  first-order  statistic  becomes  more  concen¬ 
trated  at  the  lower  end  of  the  cost  distribution  and  a  menu  is  thus  used  more.  How¬ 
ever,  as  N  oo,  the  distribution  of  converges  to  a  point  mass  at  Qniu,  where  a 
fixed-price  contract  can  be  used,  and  so  the  value  of  a  menu  decreases  to  zero  as 
N 

3.  B.  2.  Value  of  full  commitment.  Comparing  FC  to  LC  in  Table  8.1,  note  that  the 
loss  from  an  inability  to  commit  at  time  X  =  0.5  is  (at  most)  quite  small  (since  LC  is 
an  upper  bound).  Thus,  in  the  examples,  the  inability  to  commit  to  a  long-term  pol¬ 
icy  does  not  hurt  the  government  very  much.  The  results  suggest  that  a  fixed-price 
contract  after  the  audit  is  completed  does  quite  well,  and,  of  course,  is  easier  to  ad¬ 
minister  and  invulnerable  to  renegotiation  because  effort  in  the  second  period  is  first 
best. 

Even  the  limited-commitment  solution  assumes  that  the  government  commits  to  a 
first-period  markup.  If  the  government  cannot  commit  to  even  a  first-period 
markup,  then  only  a  first-price  auction  can  be  used.  Comparing  FP  to  LC,  we  see  that 
the  ability  to  commit  at  least  initially  is  of  substantial  value.  Thus,  loosely,  the  table 
identifies  diminishing  marginal  returns  to  commitment. 


22Fuithermore,  a  referee  has  pointed  out  that  long-term  commitments  may  be  unrealistic  or  undesirable 
because  of  a  rapidly  changing  political  or  technological  environment. 
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Returning  to  Figure  8.4,  it  can  be  shown  in  the  uniform- quadratic  case  that  the  value 
of  full  commitment  rises  to  a  maximum  of  1 8K.  The  value  of  full  commitment  is 
derived  from  the  ability  to  distort  high-types’  effort  in  the  second  period  up  to  1I2K. 
As  Qnax  -  Qnin  increases,  all  types  are  given  the  incentive  to  do  this  (see  Figure  8.5) 
and  the  value  asymptotes  to  A?  /  8K. 

3.B.3.  Value  of  auditing.  Similarly,  the  examples  also  tell  us  something  about  the 
value  of  auditing.  The  contract  FC  requires  auditing  at  t  =  X  and  t=l.  The  contract 
LC  may  be  interpreted  as  a  contract  at  which  auditing  at  t  =  1  is  not  possible,  and  FP 
as  a  contract  in  which  no  auditing  at  all  is  possible.  Thus,  the  gains  to  auditing  once 
are  fairly  large  (5.6  through  18.3  percent  in  the  examples),  but  the  marginal  gains  to 
auditing  twice  shrink  drastically  (an  additional  1.2  to  1.8  percent).  This  diminishing- 
marginal-returns  effect  is  not  as  strong  if  the  distribution  of  costs  is  narrow;  then 
gains  to  both  audits  are  quite  small.  It  is  conjectured  with  some  confidence  that  in 
this  model  the  marginal  gains  from  additional  audits  beyond  two  are  negligible.  It 
would  appear  in  practice  that  the  costs  of  additional  monitoring  and  bureaucracy 
would  quickly  outstrip  the  benefits  from  keeping  close  watch  over  the  firm.  Thus, 
given  a  fixed  departmental  budget  for  auditing,  DoD  should  not  allocate  auditors  to 
audit  projects  repeatedly  unless  major  new  informational  asymmetries  evolve  over 
time.  Thus  the  model  confirms  our  intuition.  Naturally,  the  assumption  that  the  un¬ 
derlying  cost  C  (which  effort  modifies)  does  not  change  plays  a  big  role  here;  in  the 
real  world,  design  changes  may  alter  the  cost  structure  and  introduce  new  informa¬ 
tional  asymmetries  over  time.23  In  this  model,  the  only  reason  to  audit  is  to  amelio¬ 
rate  the  original  information  asymmetry. 

Auditing  adds  the  most  if  matched  with  a  menu  of  contracts  and  full  commitment, 
because  the  contract  fully  utilizes  the  information  gleaned  from  the  audit.  Finally, 
the  value  of  auditing  is  increasing  in  the  uncertainty  of  costs;  the  wider  the  possible 
range  of  costs,  the  more  valuable  the  audit. 

3.B.4.  Value  of  competition.  The  gains  from  carefully  calibrating  the  incentive  con¬ 
tract  versus  the  gains  from  increasing  competition  are  of  interest.  The  examples  sug¬ 
gest  that  competition  is  much  more  valuable.  Figure  8.6  shows  the  percentage  of 
potential  savings  for  one  to  four  identical  firms.  Here,  K  =  .005  and  X  =  0.5.  In  this 
example,  because  the  support  of  the  cost  distribution  ([108, 120])  is  fairly  narrow,  the 
gains  to  using  the  most  sophisticated  schemes  are  largest  for  the  monopoly  case.  As 
AT  increases,  note  that  all  of  the  schemes  tend  to  converge  in  performance  and  then 
converge  more  slowly  to  the  first  best.  At  Af  =  3,  the  fixed-price  contract  does  almost 
as  well  as  any  of  the  other  schemes.  It  seems  that  competition  tends  to  cure  all  inef¬ 
ficiencies  in  the  contracting  process.  In  particular,  a  fixed-price  contract  does  almost 
as  well  as  any  other  contract  as  AT  increases.^^  The  marginal  value  of  other  procure- 


^^For  example,  General  Dynamics,  the  prime  contractor  for  the  F-111  program,  experienced  an  average  of 
750  contract  changes  per  year  from  the  Air  Force  on  the  project,  many  of  those  Engineering  Change 
Proposals  (ECPs)  (Fox,  1974,  p.  364). 

^■^Furthermore,  fixed-price  contracts  are  also  cheaper  to  administer.  However,  some  case  studies  suggest 
that  fixed-price  contracts  cannot  be  implemented  in  complex  weapons  systems  procurements  (Fox,  1974). 
The  inability  to  use  fixed-price  contracts  may  have  an  ambiguous  effect  on  the  vine  of  competition. 
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Figure  8.6 — Percentage  of  Potential  Savings,  1-4  Firms 
{U~  [108, 120],  1V=  1  -4,  K=  .005) 


ment  instruments  eventually  declines  to  zero  as  competition  increases.  Further¬ 
more,  in  the  examples,  gains  to  competition  are  much  larger  than  the  gains  to  using  a 
menu  of  contracts — for  example,  compare  SI  at  iV  =  1  to  LC  at  iV  =  1  and  SI  at  iV  =  2 — 
when  utilizing  a  single  incentive  contract,  the  gain  to  adding  a  firm  is  much  larger 
than  the  gain  to  switching  to  the  more  finely  tuned  limited-commitment  contract. 
Competition,  in  the  long  run,  may  be  stimulated  by  increasing  R&D  funding,  or  per¬ 
haps,  by  simply  encouraging  more  firms  to  bid  for  a  contract.  Two  major  caveats 
apply,  however.  First,  the  analysis  ignores  bid  preparation  costs  incurred  by 
prospective  contracts.  Second,  typically  the  marginal  competitor  does  not  have 
identical  prospects  to  the  other  firms,  but  instead  has  a  less-efficient  technology. 
Both  of  these  effects  lessen  the  gains  to  competition.^^ 

4.  CONCLUSIONS  AND  EXTENSIONS 

I  have  explored  a  two-stage  procurement  model  with  hidden  action,  hidden  infor¬ 
mation,  and  discretionary  learning.  Adding  the  aspect  of  learning  changes  the  opti¬ 
mal  solution  with  commitment  away  from  the  repeated  one-shot  solution,  as  first- 
period  actions  now  affect  the  second-period  cost  structure  of  the  firm.  With  learning 


^^For  another  paper  that  finds  substantial  advantages  to  competition  over  self-selection,  see  Osband 
(1989b). 
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and  total-cost  auditing,  charging  the  firm  (i.e.,  having  a  markup  less  than  -1)  in  the 
second  period  reduces  the  incentive  to  misreport  cost  in  the  first  period. 

A  major  aim  of  this  paper  was  to  quantify  the  magnitude  of  the  differences  among 
successively  more  fine-tuned  contracts.  In  the  examples,  the  gains  from  using  an  in¬ 
centive  contract  instead  of  a  fixed-price  or  cost-plus  contract  are  fairly  sizable — 10 
percent  or  so — but  further  gains  firom  using  a  menu  of  incentive  contracts  are  much 
smaller,  typically  only  0  to  2  percent.  Furthermore,  menus  are  more  difficult  to  im¬ 
plement.  The  gains  from  full  commitment  were  typically  1  to  3  percent  of  total  cost, 
and  multiple  audits  showed  similar  gains.  The  examples  show  that  gains  to  in¬ 
creased  competition  outstrip  the  gains  available  from  any  other  improvement. 

Several  extensions  of  the  model  are  conceivable.  For  example,  firms  may  have  a  bet¬ 
ter  idea  of  rivals’  costs  than  does  the  government  (possibly  because  costs  are  corre¬ 
lated).  Correlation  changes  the  optimal  contract,  and  it  seems  unclear  whether  this 
would  decrease  the  value  of  competition  (firms  would  be  more  alike,  which  reduces 
the  value  of  an  additional  draw,  but  also  allows  the  principal  to  economize  on  infor¬ 
mation  rents,  since  a  firm’s  report  reveals  information  about  other  firms’  costs). 
Another  extension  might  be  to  allow  the  disutility  of  effort  K  to  be  the  private  infor¬ 
mation  of  the  firm’s  manager,  while  assuming  that  costs  are  observed  from  a  previ¬ 
ous  relationship.  This  framework  is  similar  to  the  model  studied  here,  and  might 
yield  a  similar  type  of  solution.  A  third  extension  is  to  compute  numerical  examples 
for  cost  distributions  other  than  the  uniform  distribution. 

APPENDIX 

Proof  of  Proposition  2:  First  Theorem  8.C.5  (p.  662)  in  Takayama  (1985)  shows  that 
the  necessary  conditions  for  an  optimum  are  also  sufficient  if  the  objective  function 
and  the  state  equation  (ICF)  are  convex  in  (rij,  y\2<  In  PI  the  objective  function  is 
strictly  convex  in  tij  and  r\2  ttnd  linear  in  U.  The  state  equation  (ICF)  is  convex  if  and 
only  if  \|/'"  =  0  (hence  the  restriction  to  a  quadratic  v|/(*)).  Thus  the  necessary  condi¬ 
tions  (6a)  through  (6d)  are  sufficient  for  an  optimum. 

(i)  Note  that  \|/'  (ffiiQnin))  =  1(2-  X)I2]  and  '|/'(il2(Qnin))  =  td  -  ^)/2]  and  there¬ 
fore  t/'(  Qnin)  <  0  and  Y(  Qiin)  =  0-  Furthermore,  the  assumption  U'{Q  <0  implies 
U{Q  >  0  VC<  Qnax-  And  from  Eq.  (6d)  then  y(Q  =  0  VC<  which  establishes 
part  (vi).  The  equations  for  ri](Q  are  found  from  Eqs.  (8)  and  (9).  Define  \i/,- 
=  \l/(q  j-(Q).  Differentiate  Eq.  (8)  (using  y  (Q  =  0)  with  respect  to  C  to  obtain 

iir"  —  ®C  2  TT/...K  I 


Since  \|f'"  =  0  and  \|ff  =  Xthis  yields 
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(ii)  Differentiate  Eq.  (9)  to  obtain 


¥2 


dr[2  (Q 
dC 


— - +  — - — 

l  +  {xl  —  A.  1  +  otl  —  A 


HYi'- 


dr\2iQ 
dC  ' 


which  reduces  to 


d^2  ^  ^  jjr  ^  Q 

dC  1+al-A 

(iii)  Differentiate  (IFC)  and  use  parts  (i)  and  (ii)  to  obtain 

D"(Q  =  (Q)^^  +  2v"{r]2  (Q)^^  >  0, 

aL  dL 

SO  UiQ  is  strictly  convex.  By  assumption,  U'iQ<0  and  thus  U{  Qjjax)  <  UiQ  V  C  < 
( Qnax)-  Individual  rationality  requires  D(Q  >  0,  so  it  is  optimal  to  set  D(  Qnax)  =  b- 
Thus  UiQ  >  0  for  C<  Qnax- 

(iv)  and  (v)  Subtract  \)/'  ( r|i )  from  \|/'  ( rij^ )  to  obtain 


¥'(h/  (Q)  -  ¥'(hi*  (Q)  =  7^  T  ^(C)¥i  (hi*  (Q).  (A.1) 

1  +  OC  A/ 


Differentiate  the  right-hand  side  of  Eq.  (A.1)  with  respect  to  a  to  obtain  part  (iv)  and 
A  to  obtain  part  (v). 

Proof  of  Proposition  3:  Differentiate  Eq.  (4)  evaluated  at  pi  (Q  and  re¬ 

spect  to  C,  and  use  Eqs.  (1)  and  (3)  to  get 


91/(0  IQ 
3C 


:S'(Q-A\|/' 


Pl  (Q+f  (C-Q 


9r|i  (O  2 
dC  A 


-(1-A)\i/' 


A 


1)2  (Q- 


1-A 


(C-Q 


r  *  ^  ^ 

9h2(Q,  2 


) 


dC  1-A 


(A.2) 


J 


in  which  S'iQ  =  A  Y'(rii  (Q)[3  hi  (C)/9  C]+(l  -  A)v|/'(r|2(C))[a  r|2(C)/a  C]  - 
2¥'(t1i  (Q)  +  2\|/'('n2(C)).  Note  that  [dUI  d  Qic=c  =  0’  solution  satisfies  the 
first-order  condition.  For  the  local  second-order  condition,  use  the  following  iden¬ 
tity: 


9^0 1 
9^  lc=c 


d^U 


dC^dC 


c=c 


Differentiating  Eq.  (A.2)  with  respect  to  Cand  setting  C  =  Cyields 
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I 

acac'c=c 


f 

=  V'fni’CQ) 

V 


ani(Q 

dc 


\ 

2 

X 

J 


/ 

-2v"(tl2(Q) 


V 


, 

dC 


(A.3) 


From  Proposition  2,  parts  (i)  and  (ii),  it  is  established  that  (3t|i/3C)  <  0,  and 
O  TI2  /  3  C)  >  0,  and  thus  the  right-hand  side  of  Eq.  (A.3)  is  negative. 

Global  incentive  compatibility  requires  that  U(Q  >  U(  OQ  for  all  C,  C.  Substitute 
Eqs.  (1)  and  (3)  into  Eq.  (4)  to  obtain 


(/(Cl  Q=  S(0-X\|/|  Til*  (Q+f(C-  0 

A/ 


-  a- TI2  (Q- Y7j^(c-  Q  |, 


(A.4) 


where 


5(0  =  (pi  (Q)  +  a  -  (^2  (O) 

+/?'"“  [2v'fni*(Q)-2v|/'(q2(0)l  dC. 


(A.5) 


Substitute  Eq.  (A.5)  into  Eq.  (A.4)  to  obtain 

V  / 


U(CIQ=X 


V(hi(C))-'|/ 


qi*(C)+|(C-0 

A 


+a-X)^  V(ri2(Q)-V 


n2(Q-j^(c-Q 


f  [2v'(t1i*  (O)  -  2v'(q2  (0)1  dC. 


(A.6) 


Profits,  given  a  truthful  report  C,  are 


U{C\Q=  U{Q  =  f [2v|T'fni* {Q)-2^^'(^2 (0)1  dC. 


Now,  assume  that  C  >  C  (the  proof  for  C  <  C  is  similar  and  omitted).  Then  U{Q> 
U{  CIO  if  and  only  if 
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J^[2\|/'(rii  (Q)-2v/'(r|2(Q)]  dC>X  v|f(Tii  (C))-\|/  r|i['(Q  + ^  (C- Q 


+  a-?t)  vi;(r|2(Q)-V  — r  (C- C  . 

1  —  ^  )  i 


Observe  that  the  left-hand  side  =  right-hand  side  =  0  if  C  =  C.  Then,  it  must  be  that  if 
{dLHS/d  C)  >  (dRHS/dC)for  all  C  >  C,  the  inequality  holds.  Taking  the  derivative  of 
both  sides  yields 


2v'(Tli  (Q)-2xt/'(Ti2(Q) 


>  2v{ qi’  (Q  +  ^  (C-  Q  -  2Y\  ^2  (Q  “  (C-  Q 

K  1  •“  A. 


(Q)  Y\  Til*  (Q + 1  (C-  Q 
dC  [  V  ^ 


h/'(q2(Q)-¥{Tl2(Q-T^(C-  q]  . 
dC  [  I  1  -  J 


Rearrange  to  obtain 

Y(nl  (Q)  -  vi  111*  (Q + 1  (c-  qIY  2-x 

I  {  ^  ))[  dC  ) 

-  xii'(q2(Q)-v(Ti2(Q--^(C-C)lT2+a-?t)-^!52Hl>o.  (A.7) 

I  {  l-X  dC 

By  assumption,  \|/  is  convex  and  C  >  C,  thus  lyTRi  ( Q)  >  ^'(111(6)  +  {21  A,)(C  -  Q) 
and  \|/'(q2(Q)  <  V^ti^IQ-  [2/(1-X.)](C-  Q).  Furthermore,  it  has  been  shown  that 
[rfpi  ( Q/d  C]  <  0  and  [dq^f  Q/rf  C]  >  0.  Thus,  it  can  be  seen  that  the  inequality  (A.7) 
holds.  This  completes  the  proof  of  global  incentive  compatibility. 

Proof  of  Proposition  4: 

(i)  The  proof  is  the  same  as  in  Proposition  2. 

(ii)  and  (iii)  Note  that  qi  ( Q)  =  qi  ( Q)  =  l/2kr.  (It  is  easy  to  show  that  if  q^  =  q2  then 
qj  =  l/2kr  is  the  most  efficient  choice  of  effort;  that  is,  it  maximizes  net  cost  reduc¬ 
tions.) 

It  is  proposed  that  (/(Q  =  0  for  C>  Q.  Suppose  not.  Then,  using  the  continuity  of  U, 
there  exists  >  Q  where  Ui  C^)  >  0  and  U'  ( Qj)  >  0.  This  implies  that  q2  ( Q)  > 
qi  ( Qj).  Using  the  same  method  of  proof  as  in  Appendix  A  of  Baron  and  Besanko 
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(1987b),  it  can  be  shown  that,  for  all  C,  U"iQ  >  Thus,  UiQ  is  increasing  and 
weakly  convex.  So  U(Q  >  0,  t|i  (Q  <  1/2K,  and  ti2  (Q  >  1/2K for  all  C>  Q  and  for  any 
C  e  [C2,Q]  such  that  U{Q  >  0.  Consider  the  following  alternative  scheme:  Set 
tij(Q  =  Ti2(Q  =  l/2krand  U(Q  =  0  for  all  C>  Cj..  This  scheme  produces  higher  net 
cost  reductions  (because  effort  is  distorted  away  from  first  best  less  under  this 
scheme)  and  lower  profits  for  each  type  C>  C^,  and  for  any  types  C  e  [Cj,  C^]  for 
which  U(_Q  >  0.  Thus,  this  scheme  performs  better  than  the  scheme  in  which  U(Ca  > 
0.  Furthermore,  it  can  be  implemented  using  the  transfer  function  stated  in  part  (iv); 
(7(C,  Q,  Q)  =  S(C)+  Q  +  Q.  First,  this  scheme  is  incentive  compatible:  Check  Eq. 
(A.2)  using  13t|,(C)/9C|  =  0,  S'(C)  =  0  and  rii(Q  =  q2(C)-  Second,  the  scheme 
(weakly)  satisfies  the  second-order  conditions  (A.3).  Third,  global  incentive 
compatibility  (A.7)  is  also  satisfied. 

This  completes  the  proof. 

Proof  of  Proposition  5:  Consider  a  transfer  function  for  the  generalized  problem  of 

q(C,  ^ ,  C2 )  —  S(C)  H-  +  Ej  +  C2  "P  62  ^1  (Q  (Q.  ~  Q )  ■*■  fti2  (Q  (C2  +  £2  —  )  > 

which  yields  profits  to  the  firm  of 

t/(C,  Q,  Q)  =  S(C)+  nil (C)(Ci  +  §1  —  Q) 

+  m2{Q{C2+e2  -  Q)-A,i|ffni)-  a-A,)v|/(n2)- 


The  optimal  solution  in  the  standard  problem  requires 


^  4v|/^(n2(Q)-2v|f'(Tli(Q) 


W2(.Q 


2I|/^(112(Q) 

1-X 


(A.9) 


Substituting  Eqs.  (A.9)  and  (A.8),  and  using  the  definitions  of  Q,  Q,  and  Q,  it  is 
found  that  the  firm  faces  the  problem 


,max  £[(/(C,  Q,  Q)]  =  ,max  E[S(C) 

C,tll,T|2 

-t-[2(C-  Q -P  El  /  X  -p  X.(qi  -  (Q)]  (i|/'(qi*  (Q) 

-2i|f'(q2  (QD-t  [2(C-  Q  +  £2  /a  -  A.)  -H  a  -  ^)(q2  -  h2  (Q) 
-t-2A,(qi  -qi(C))]\|f'(n2(Q)-A.Mffrii)-  a-^)v(Tl2)l- 


The  first-order  conditions  for  qj  and  ^2  establish  that 


26 


^Briefly,  Baron  and  Besanko  show  that  LT'iQ  <  0  violates  local  incentive  compatibility. 
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rii  =  ri](Q,  /=1,2.  (A.11) 

Use  the  firm's  first-order  condition,  from  Eq.  (A.10),  wdth  respect  to  C  and  substitute 
the  definition  of  S'(Q  to  obtain 

C=C 

for  C  <  Q.  For  C  >  Q,  use  S'iQ  =  0,  mliQ^  II X,  m2iQ  =  -1IQ.-X),  and 
[3ti;  {Q/dQ  =  0  to  obtain  C  =  C.  The  second-order  conditions  require  that  the  Hes¬ 
sian  (in  this  case,  a  3-by-3  matrix)  of  second  derivatives  of  U(C,  Q ,  Q )  (taken  with  re¬ 
spect  to  C,  T|i,  and  ^2)  is  negative  semidefinite  at  the  optimum.  The  Hessian  for 
C<  Q  is 


2^1111  -2v|l2h2  a  -  A,)V|/^'Tl2 

I  2  y  ^  J 

J  =  0 

a-X)v2ri2  0 


It  can  be  verified  that  J  is  negative  semidefinite  at  C-  C.  For  C  >  Q,  the  Hessian, 
denoted  becomes 

‘00  0 

J'=  0  0 

0  0 


which  is  negative  semidefinite. 

Proof  of  Proposition  6: 

(i)  Forming  the  Hamiltonian  of  P2  and  taking  the  derivatives  with  respect  to  q,-  yields 


2-X  a  2^,^  1 

Ui  (0= - —HiQ+ - 

Otr  I-I-/V  1  1-l.r 


vfib  d\'i 


(A.  12) 


and 


^2  (Q- 


1-X, 

2K' 


For  U{Q  >  0,  then  y(Q  =  0  and  the  last  term  in  Eq.  (A.12)  is  zero,  which  gives  (Q. 
Using  (ICL),  U'iQ  =  -  2K^^iQ+l-X  =  -l+[a/(l+a)]iiK/X)H|Q.  Differentiating 
U'(CI Q  at  C=  Cyields  U"{Q=  [a4K/0-+oi)X]H'(Q> 0. 
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(ii)  Setting  i7'(Cj,)  =  Ogives  %  (Cy)=  [(l-A,)/2^n-  The  proof  of  part  (ii)  is  similar  to  the 
proof  of  part  (ii)  of  Proposition  4  and  is  omitted. 

(iii)  Denote  profit  under  full  commitment  as  Uf(Q  and  profit  under  renegotiation  as 
UriQ.  Then 


a  4K 
1  +  a  X 


mo 


a 


4K 


1  +  a  1- A, 


mQ 


dC 

I  dC. 


Also  note  that  <  Cy  for  all  X,  >  0.  Subtracting  gives 


UriQ-UfiQ  = 


a 

1  +  a 


-1 

/ 


dC+Ur(Q) 

UriQ 

0 


if 

if 

if 


c< 

Q  <  C<  Cy 
C>  Cy. 


This  is  nonnegative. 


Chapter  Nine 

INCENTIVES,  THE  BUDGETARY  PROCESS,  AND  INEFFICIENTLY 
LOW  PRODUCTION  RATES  IN  DEFENSE  PROCUREMENT 
_ by  William  P.  Rogerson^ 


1.  INTRODUCTION 

A  widely  held  view  in  the  defense  community  is  that  production  of  weapons  system¬ 
atically  occurs  in  plants  that  are  too  large  relative  to  the  outputs  actually  produced  ^ 
An  important  consequence  of  this  phenomenon  is  that  existing  outputs  could  there¬ 
fore  be  produced  more  cheaply  in  smaller  plants.^  The  traditional  explanation  for 
this  phenomenon  seems  to  be  that  Congress  or  the  military  continually  and  persis¬ 
tently  overestimate  the  rate  at  which  procurement  will  occur  and  thus  always  make 
the  mistake  of  building  production  lines  that  are  too  big.  This  theory  presumes  that 
planners  are  too  incompetent  to  ever  learn  from  their  past  mistakes.  Such  irra¬ 
tionality  seems  implausible.  This  paper  suggests  an  alternative  theory — one  that 
does  not  rely  on  irrational  actors.  It  will  be  argued  that  the  organization  of  the 
decisionmaking  process  itself  creates  incentives  for  rational  actors  to  strategically 
choose  too  high  a  scale  for  plants. 

The  theory  of  this  paper  is  based  on  the  fact  that  Congress  does  not  itself  make  tech¬ 
nical  design  choices  over  production  facilities;  lacking  sufficient  time  and  expertise, 
it  delegates  these  decisions  to  the  military.  Congress,  of  course,  decides  how  many 
units  of  each  weapon  system  to  buy.  Therefore,  on  a  formal  level,  the  decisionmak¬ 
ing  process  leading  up  to  the  production  of  a  new  weapon  system  is  modelled  as  a 
two-person  game  where  the  military  first  chooses  scale  and  then  Congress  decides 
what  quantity  to  purchase  (if  any).  The  military's  goal  is  to  maximize  the  number  of 
units  produced.  The  key  idea  is  that  by  increasing  scale,  the  military  lowers  marginal 


^This  paper  is  reprinted  from  William  P.  Rogerson,  "Incentives,  the  Budgetary  Process,  and  Inefficiently 
Low  Production  Rates  in  Defense  Procurement”  Defence  Economics,  Vol.  3,  No.  1,  pp.  1-18,  1991. 
Copyright  ©  1991  by  Harwood  Academic  Publishers  GmbH.  Used  by  permission.  I  would  like  to  thank 
Gary  Becker,  Gary  Bliss,  Craig  College,  Jim  Dertouzos,  Kathleen  Hagerty,  David  McNicol,  John  Panzar, 
Peter  Pashigian,  Sam  Peltzman,  Rob  Porter,  and  George  Stigler  for  helpful  comments  and  discussions. 

^See  Air  Force  Systems  Command  (1983),  Congressional  Budget  Office  (1987),  Gansler  (1989),  and 
Rogerson  (1989). 

^Because  of  the  need  for  surge  capacity  (i.e.,  extra  capacity  to  be  used  in  the  event  of  war),  it  may  be  that 
the  optimal  scale  is  somewhat  larger  than  that  which  would  minimize  production  cost  of  the  planned 
peacetime  rate.  The  widely  held  view  is  that  capacity  is  too  large  even  considering  this  factor. 
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cost  and  thus  increases  the  amount  that  Congress  will  buy  (so  long  as  it  buys  any). 
Thus,  the  military  will  expand  scale  until  production  is  so  inefficient  that  Congress  is 
indifferent  between  buying  and  not  buying  the  system.  This  maximizes  the  number 
of  units  purchased. 

In  the  resulting  equilibrium,  more  output  is  produced  than  Congress  would  ideally 
want.  However,  there  is  another  problem  as  well.  The  military  cannot  simply  order 
Congress  to  increase  output  until  all  social  surplus  vanishes.  Rather,  it  must  manipu¬ 
late  the  production  technology  so  that  Congress  will  rationally  want  to  order  more 
units.  In  the  resulting  equilibrium,  the  scale  of  production  is  too  large  given  output. 
That  is,  the  same  output  could  be  produced  more  cheaply  using  a  smaller  plant. 
Thus,  inefficient  production  is  essentially  an  unintended  by-product  of  the  military’s 
attempts  to  expropriate  the  social  surplus  arising  from  weapon  programs  by  induc¬ 
ing  Congress  to  increase  quantities  purchased. 

The  model  of  this  paper  also  suggests  that  the  military  may  have  the  incentive  to 
purposefully  avoid  using  technologies  that  can  flexibly  produce  at  a  variety  of  output 
levels  with  little  change  in  average  cost.  The  reason  this  may  be  so  is  very  simple. 
The  idea  underlying  the  model  is  that  the  military  can  force  Congress  to  procure  a 
larger  number  of  units  by  precommitting  to  a  technology  that  penalizes  Congress  for 
procuring  low  quantities  and  rewards  it  for  procuring  high  quantities.  Very  flexible 
technologies  would  frustrate  this  ability.  This  theory  may  help  explain  the  slow  rate 
of  adoption  of  computerized  flexible  manufacturing  technology  in  defense  procure¬ 
ment. 

Perhaps  the  most  important  policy  prescription  to  flow  from  this  analysis  is  simply  to 
emphasize  the  fact  that  Congress  cannot  rely  on  the  military  to  choose  a  cost¬ 
minimizing  production  technology  even  if  the  military's  goal  is  to  maximize  military 
preparedness  and  Congress  and  the  military  agree  on  what  constitutes  military  pre¬ 
paredness.  Therefore,  Congress  needs  to  critically  evaluate  whether  correct  capacity 
choices  are  being  made.  Of  course,  direct  monitoring  can  never  provide  a  perfect  so¬ 
lution.  As  stated  above,  decisions  regarding  the  configuration  of  production  facilities 
are  delegated  to  the  military  to  some  extent  because  Congress  has  neither  the  time 
nor  expertise  to  make  these  decisions.  Nonetheless,  Congress  does  perform  some 
oversight  and,  naturally  enough,  concentrates  its  efforts  on  areas  where  it  suspects 
the  military  will  have  incentives  to  make  choices  other  than  those  Congress  would 
make  itself.  The  point  of  this  paper  is  that  scale  choice  is  such  an  area. 

This  paper’s  model  is  most  closely  related  to  another  (Rogerson,  1990)  in  which  it  is 
shown  that  a  similar  type  of  model  can  explain  the  apparent  bias  of  procurement 
policy  toward  quality  and  away  from  quantity.^  In  that  paper,  quality  plays  the  same 
type  of  role  as  scale  does  in  this  paper,  i.e.,  the  military  chooses  quality  first  and  then 
Congress  chooses  quantity  second.  The  chief  technical  difference  between  the  mod¬ 
els  is  that  scale  is  not  an  attribute  of  military  end-products  whereas  quality  is. 
Therefore,  in  the  current  paper,  only  quantity  directly  affects  military  preparedness; 


^Also  see  Lewis  (1986),  which  considers  a  model  of  congressional-military  interactions.  Lewis  (1986)  is 
focused  on  different  issues  from  the  model  of  this  paper. 
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in  the  previous  paper,  both  quantity  and  quality  do  so.  This  simpler  enwonment  al¬ 
lows  the  derivation  of  two  stronger  conclusions  than  was  possible  before.  First,  in 
equilibrium,  scale  choice  is  always  too  high.  (In  the  previous  paper,  one  could  only 
characterize  the  cases  where  quality  choice  was  always  too  high  or  too  low.)  Second, 
in  equilibrium,  Congress  earns  zero  surplus,  i.e.,  scale  is  expanded  until  Congress  is 
indifferent  between  purchasing  and  not  purchasing  the  weapon.  (In  the  previous 
paper.  Congress  generally  strictly  prefers  to  purchase  the  weapon  in  equilibrium.) 
On  an  economic  level,  the  marginal  contribution  of  this  paper  over  Rogerson  (1990) 
is  that  it  identifies  a  different  type  of  decision  variable,  which  might  be  distorted  be¬ 
cause  of  the  military’s  incentive  to  take  advantage  of  first-mover  opportunities.  Scale 
choice  is  an  important  and  much-debated  aspect  of  military  procurement  and,  thus, 
theories  explaining  distortions  in  this  decision  are  potentially  important.  It  may  also 
be  that  predictions  regarding  scale  choice  may  be  more  empirically  testable  than 
predictions  regarding  quality  choice. 

The  paper  is  organized  as  follows.  Section  2  presents  the  model  and  then  Section  3 
derives  the  major  analytic  results.  Section  4  discusses  the  role  of  the  key  economic 
assumption  of  this  paper  that  increasing  scale  lowers  marginal  cost.  Section  5  ana¬ 
lyzes  the  effect  of  fixed  budget  levels  on  the  incentives  of  the  military.  Sections  6  and 
7  apply  the  model  to  consider  the  issue  of  flexible  production  technologies. 

2.  THE  MODEL 
Assumptions  and  Notation 

A  weapon  program  will  be  completely  described  by  two  nonnegative  numbers  (x,s), 
where  x  denotes  the  number  of  units  procured  and  s  denotes  the  scale  of  production. 
The  social  value  (in  dollars)  of  x  units  of  the  weapon  is  given  by  V(x).  Both  Congress 
and  the  military  agree  on  V(x).  The  cost  of  producing  x  units  given  the  scale  s  is  de¬ 
noted  by  C(x,s).  For  any  fixed  scale,  C  will  be  assumed  to  be  a  regular  well-behaved 
cost  function.  Thus,  each  s  represents  a  choice  of  a  particular  production  technology 
and  it  is  assumed  that  a  continuum  of  technologies  is  available  indexed  by  s  e  (0,oo). 
As  will  be  explained  below,  an  assumption  on  C(x,s)  will  be  made  that  allows  one  to 
naturally  interpret  s  as  a  measure  of  scale  of  production. 

The  above  formulation  of  the  problem  abstracts  away  from  two  features  of  the  real 
world  that  would  complicate  the  analysis  without  altering  the  basic  conclusions  of 
the  paper.  First,  in  reality,  production  of  a  major  weapon  system  occurs  over  a  num¬ 
ber  of  years  and  Congress  must  therefore  choose  both  an  annual  rate  of  production 
and  the  total  number  of  years  that  production  will  occur.  In  the  model  of  this  paper, 
all  production  is  formally  assumed  to  occur  in  a  single  period.  However,  it  is 
straightforward  to  see  that  the  model  can  also  be  interpreted  as  one  where  Congress 
chooses  an  annual  rate  of  production,  x,  but  the  total  number  of  years  of  production 
remains  at  some  fixed  level,  n.  In  an  earlier  version  of  this  paper  (Rogerson,  1989),  it 
is  shown  that  all  of  the  conclusions  of  this  paper  generalize  in  a  straightforward 
fashion  to  the  case  where  Congress  chooses  both  x  and  n.  Second,  in  reality  both  V 
and  C  are  likely  to  be  known  only  probabilistically  at  the  time  of  the  scale  decision. 
In  the  model  of  this  paper,  both  functions  are  assumed  to  be  known  with  certainty. 
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Once  again,  the  results  of  this  paper  can  also  be  derived  in  more  complicated  models 
that  allow  for  uncertainty.^ 

The  various  regularity  assumptions  that  will  be  made  about  V and  C  will  now  be  pre¬ 
sented  and  discussed  where  necessary.  For  the  most  part,  they  simply  guarantee  that 
various  maximization  problems  have  unique  well-behaved  solutions.  Assumptions 
1-3  state  the  smoothness  and  concavity  properties  of  Vand  C. 


Assumption  1: 

(i)  V^(x)  is  twice  continuously  differentiable  over  {0,oo) 

(ii)  V[jc)  is  strictly  increasing  over  (0,oo) 

(iii)  V(0)  =  0. 


Assumption  2: 

(i)  C(jc,s)  is  twice  continuously  differentiable  over  (0,oo)2 

(ii)  C  is  strictly  increasing  in  x  over  (0,oo)  for  every  s 

(iii)  C(0,0)  =  0 

(iv)  C(x,s)  >  0  for  (x,s)  (o,0). 

Assumption  3:  V(x)  -  C(5,x)  is  globally  strictly  concave  over  (0,oo)2, 

A  first-best  program  maximizes  social  surplus.  It  is  formally  defined  as  follows. 
Definition:  A  weapon  program  is  first  best  if  it  solves  the  following  program. 

Maximize  V(x)-C(x,  s) 
x,s>0. 

It  will  be  assumed  that  a  unique  first-best  program  exists  and  that  it  is  strictly  pre¬ 
ferred  to  producing  nothing. 

Assumption  4:  A  unique  first-best  weapons  program  denoted  by  (x*,5*)  exists.  Fur¬ 
thermore, 


V(x*)  -  C(X*,5*)  >  0.  (2) 

A  scale  is  second  best  given  an  output  if  it  minimizes  the  costs  of  producing  that  out¬ 
put. 


^Note  that  one  would  formally  model  the  need  for  surge  capacity  by  allowing  Vto  be  random.  That  is,  the 
function  V  would  depend  on  what  type  of  war  (if  any)  is  occurring  and  this  would  be  known  only 
probabilistically  at  the  time  of  scale  choice. 
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Definition:  A  scale  is  second  best  given  x  if  it  solves  the  following  problem: 

Minimize  C(x,  s) 
s>  0. 


(3) 


It  will  be  assumed  that  a  unique  second-best  scale  exists  for  every  x  >  0. 

Assumption  5:  A  unique  second-best  scale  given  x  exists  for  every  x  >  0.  Let  (j)  (x) 
denote  this  value.  Furthermore  (j)  (x)  >  0  for  all  x  >  0.  Note  that  by  Assumption  2, 
parts  (iii)  and  (iv),  s  =  0  is  the  second-best  scale  when  x  =  0. 

The  short-run  cost  curve  for  a  given  scale  s  is  simply  C(x,  s).  By  Assumptions  2,  part 
(iv),  and  5,  the  long-run  cost  curve  is  also  well  defined.  Let  L(x)  denote  the  long-run 
cost  curve.  It  is  given  by 


Ux)  = 


lo  . 

[C(x,$(x)), 


X  =  0 
X  >  0. 


(4) 


The  above  assumptions  guarantee  that  L(x)  is  smooth  over  (0,oo).  However,  it  may 
jump  at  zero. 

It  will  be  useful  to  define  the  second-best  output  over  the  nonnegative  and  positive 
orthants.  These  will  be  cedled,  respectively,  the  second-best  and  interior  second-best 
outputs. 

Definition:  An  output  is  second  best  (interior  second  best)  given  s  if  it  maximizes  the 
following  function  over  x  >  0  (x  >  0) . 


V(jc)-C(x,5).  (5) 

Assumption  6:  A  unique  interior  second-best  output  given  s  exists  for  every  s  >  0.  Let 
\ir(5)  denote  this  value. 

It  will  also  be  assumed  that  there  exists  a  capacity  level  5  such  that  the  optimal  inte¬ 
rior  second-best  output  yields  negative  social  welfare  for  values  of  s  >  s.  This  simply 
means  that  large  enough  capacity  levels  would  result  in  it  being  ex  ante  preferable  to 
produce  nothing.  (If  one  had  to  build  a  plant  able  to  produce  one  billion  F-16s  then 
it  might  be  better  not  to  build  the  plant  and  have  none.)  For  expositional  conve¬ 
nience,  it  will  also  be  assumed  that  the  interior  maximum  produces  strictly  positive 
social  welfare  for  values  of  s  less  than  s.  However,  this  is  not  actually  necessary  for 
the  results. 

Assumption  7:  There  exists  an  s  >  0  with  the  following  property: 

IA(\|/(s))-  C(\i/(s),  s)=0<=>  s=s.  (6) 

Let  jc  denote  the  interior  second-best  output  at  5,  i.e., 
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x  =  \(/(5).  (7) 

This  completes  the  technical  regularity  assumptions.  Now  the  assumption  that  al¬ 
lows  one  to  interpret  s  as  a  “scale”  parameter  will  be  presented  and  explained. 


Assumption  8: 


C;jj(x,s)<0.  (8) 

According  to  Assumption  8,  increasing  the  scale  of  production  lowers  the  marginal 
cost  of  production.®  This  is  intuitively  reasonable.  Intuitively,  a  large-scale  plant  is 
one  where  greater  fixed  costs  are  incurred  to  reduce  marginal  costs.  Support  for  the 
contention  that  this  is  a  reasonable  definition  of  scale  can  be  found  by  examining 
how  the  second-best  scale  choice  varies  with  x.  Total  differentiation  of  the  first-order 
condition  for  cost-minimization  yields 

=  (9) 

Since  the  denominator  must  be  positive  by  the  concavity  assumption  (Assumption 
3),  it  can  be  seen  that  a  larger  scale  is  optimally  chosen  for  a  larger  output  if  and  only 
if  is  positive. 


Equilibrium 

The  decisionmaking  process  leading  up  to  the  adoption  of  a  new  weapon  program 
will  now  be  described.  Three  fundamental  assumptions  about  the  nature  of  this  pro¬ 
cess  will  be  made. 

First,  it  will  be  assumed  that  the  military  considers  military  value  only  when  deciding 
between  two  programs  and  ignores  cost.  That  is,  the  military  prefers  one  weapons 
program  {x,$)  to  another  (jc,  s)if  and  only  if  x  is  greater  than  x. 

Second,  it  will  be  assumed  that  the  decisionmaking  process  is  sequenced  as  follows. 
First,  the  military  chooses  a  scale  of  production.  Then  Congress  chooses  a  level  of 
production  taking  the  scale  decision  as  given.  This  assumption  reflects  the  fact  that 
the  military  has  greater  technical  expertise  than  Congress.  Thus,  Congress  must  del¬ 
egate  the  determination  of  a  production  technology  to  the  military.  Given  the  tech¬ 
nology  selected  by  the  military,  Congress  can  calculate  the  costs  of  producing  various 
levels  of  output.  By  choosing  a  funding  level  for  the  program,  it  then  determines  how 
many  units  will  be  produced.  However,  it  is  incapable  of  determining  whether  other 
production  technologies  might  have  resulted  in  lower  costs. 


^For  expositional  simplicity,  it  is  assumed  that  this  holds  globally.  It  will  be  clear  in  Section  3  that  all  that 
is  required  is  that  ^is  hold  over  the  one-dimensional  manifold  defined  by  {{x,  s):  jc=\j/(s)  and 
s*>s>  s}. 
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Obviously,  both  of  these  assumptions  are  somewhat  extreme.  In  reality,  military 
planners  may  care  about  more  than  the  success  of  their  program  and  Congress  may 
be  able  to  evaluate  some  aspects  of  the  choice  of  production  technology. 
Nonetheless,  it  certainly  seems  plausible  that  planners  care  more  about  the  success 
of  their  programs  than  whether  social  value  is  maximized  and  that  Congress  has  less 
expertise  than  the  military  regarding  the  effects  of  plant  scale  on  production  cost. 
This  paper  makes  extreme  versions  of  both  of  these  assumptions  to  clearly  illustrate 
their  effects  in  the  simplest  possible  model. 

Third,  it  will  be  assumed  that  the  defense  contractor  (who  is  perfectly  controlled  by 
the  military)  initially  pays  for  the  production  facility  when  it  is  built.  Then  Congress 
pays  for  the  facility  as  part  of  the  production  cost  if  and  only  if  it  purchases  any  units 
of  the  system.  That  is.  Congress  has  the  option  of  purchasing  zero  units  and  paying 
zero  dollars.  However,  it  pays  for  the  entire  production  facility  if  it  purchases  any 
units. 

There  are  two  reasons  for  making  this  assumption.  First,  this  is  to  a  large  extent  the 
way  that  the  procurement  process  is  organized.  Second,  if  it  was  assumed  that 
Congress  always  paid  for  facilities  capital  investments  authorized  by  the  military  re¬ 
gardless  of  eventual  production  decisions,  there  would  be  another  more  obvious  in¬ 
centive  for  the  military  to  increase  capacity  above  the  first  best.  The  basic  idea  is  that 
Congress  will  ignore  facilities  capital  costs  when  making  its  adoption  decision  if  it 
has  already  paid  these  costs.  Thus,  the  military  can  increase  the  probability  that 
Congress  will  adopt  a  program  by  decreasing  variable  costs  through  employing 
greater  amounts  of  sunk  facilities  capital  expense.  The  incentive  for  the  military  to 
choose  excess  capacity  identified  by  this  paper  is  totally  separate  and  unrelated  to 
this.  The  clearest  method  of  demonstrating  this  is  to  simply  assume  that  Congress 
follows  the  policy  of  paying  zero  if  it  does  not  purchase  any  units. 

The  above  three  assumptions  result  in  the  following  structure  to  the  game  between 
Congress  and  the  military.  As  usual,  it  is  most  convenient  to  work  backward.  Given 
the  military’s  choice  of  s,  the  Congress  will  then  choose  a  value  of  x  to  maximize 

V(jc)  -  C(x,s)  (10) 

so  long  as  it  can  achieve  greater  than  zero  surplus.  Otherwise  it  will  choose  x  =  0.  Let 
%  (s)  be  the  correspondence  denoting  Congress’s  choice  given  s.  By  the  assumptions 
in  Part  A  above,  ^  is  single  valued  for  all  values  of  s  except  s.  For  smaller  values,  it  is 
the  interior  second-best  output  and  for  larger  values  it  is  zero.  For  s,  both  x  and  0 
are  optimal.  Formally 


fv(s) 


10,  X} 


[0 


s<  s 
s=s 
s>s. 


(11) 


At  the  beginning  of  the  game,  the  military  therefore  chooses  s  to  maximize  V(x)  real¬ 
izing  that  s  affects  xas  described  above. 
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Formally,  then,  an  equilibrium  weapon  program  is  described  as  follows. 

Definition:  An  equilibrium  weapon  program  solves  the  following  problem. 

Maximize  V(x) 

X,  s 

subj ect  to  X  e  ^  (s)  (13) 


3.  FORMAL  ANALYSIS 

Since  V  is  strictly  increasing  in  x,  the  military’s  problem  boils  down  to  choosing  s  to 
maximize  ^  (s).  Thus,  to  describe  capacity  choice,  one  needs  to  describe  the  behavior 
of  ^(s).  Recall  that  ^(s)  equals  the  interior  solution,  \i/(s),  for  s  <  s  and  equals  zero 
for  s  >  s.  Proposition  1  describes  the  critical  feature  of  \|/(s)  for  the  purposes  of  this 
paper.  Namely,  it  is  strictly  increasing.  The  reason  for  this  is  very  simple  and  intu¬ 
itive.  Increases  in  scale  result  in  lower  marginal  costs.  This  results  in  a  larger  interior 
maximum. 


Proposition  1: 


vi/'(s)>0.  (14) 

Proof:  The  interior  maximum  for  any  s  is  determined  by  the  first-order  condition 

V'ix)=Cx{x,s).  (15) 


Total  differentiation  yields 


_  Qcs  Q0\ 

ds  V"{x)-Cxx{x,s)' 

This  is  positive  by  Assumptions  3  and  8. 

QED. 

The  nature  of  the  equilibrium  program  is  now  clear.  The  military  can  induce 
Congress  to  buy  more  units  by  choosing  a  larger  scale  of  production  and  thereby 
lowering  marginal  cost.  However,  production  at  scales  larger  than  s  is  so  inefficient 
that  Congress  would  rather  cancel  the  program.  Thus,  the  optimal  course  of  action 
for  the  military  is  to  increase  scale  to  this  point  of  indifference.  This  is  stated  as 
Proposition  2. 

Proposition  2:  The  unique  equilibrium  weapon  program  is  ( x,  s). 
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Proof:  As  above. 


QED. 


The  welfare  properties  of  the  equilihrium  program  can  now  be  analyzed.  This  is  done 
in  Proposition  3. 


Proposition  3: 

(i)  The  equilibrium  capacity  and  output  are  both  strictly  greater  than  the  first  best, 
i.e., 


x>  X* 


(17) 


and 


s  >  5*.  (18) 

(ii)  The  equilibrium  output  is  second  best  given  the  equilibrium  capacity,  i.e.. 


X=V|/(s) 


(19) 


and 


17(]c)-  C(jc,  s)  >  17(0)-  C(0,  s).  (20) 

(iii)  The  equilibrium  capacity  is  strictly  greater  than  the  second-best  capacity  given 
output,  i.e.. 


s>(t)(x)  (21) 

Proof:  Parts  (i)  and  (ii)  follow  immediately.  Part  (iii)  is  an  immediate  consequence  of 
the  concavity  of  the  problem.  The  general  result  on  which  this  depends  is  stated  and 
proven  in  the  appendix. 

QED. 

These  results  can  be  very  clearly  illustrated  on  a  graph  of  average  costs.  Let  AC(x,s) 
denote  the  average  cost  of  producing  x  units  given  scale  s.  Let  AL(x)  denote  the  aver¬ 
age  long-run  cost  curve.  Now  refer  to  Figure  9.1.  The  long-run  average  cost  curve  is 
shown  to  be  declining,  since  this  is  probably  true  over  the  range  in  which  most 
weapons  would  be  purchased.  The  quantity  jc*  is  the  optimal  quantity.  The  capacity 
s*  is  the  optimal  capacity  at  which  to  produce  jc*.  This  means  that  AC(x,^)  is  just  tan¬ 
gent  to  AL(jc)  at  JC*  as  drawn.  The  quantity  x  is  actually  purchased  and  this  is  greater 
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Figure  9.1 — The  Equilibrium  Weapons  Program 


than  X*.  Let  s'  denote  the  optimal  scale  technology  at  which  to  produce  x. 
Therefore,  AC{Xf^)  is  drawn  to  be  tangent  to  AL{x)  at  x.  However,  this  is  not  the 
technology  that  is  used  in  equilibrium.  Rather,  a  larger-scale  technology  s  is  used. 
Therefore,  i4C(x,  s)  is  drawn  to  be  tangent  to  AL{x)  at  a  point  to  the  right  of  x,  which 
is  labelled  x'. 

The  first-best  program  would  have  been  produced  at  an  average  cost  of  AC*.  If  the 
actual  quantity  chosen  was  produced  efficiently,  it  would  be  produced  at  a  lower  av¬ 
erage  cost,  AC .  Even  this  would  have  been  a  socially  inferior  choice,  because  the 
marginal  costs  would  exceed  the  marginal  benefits.  However,  the  actual  outcome  is 
even  worse,  because  x  is  produced  using  an  inefficiently  large  technology.  This  re¬ 
sults  in  average  costs  of  A  C.  (AC  may  or  may  not  be  larger  than  AC*.) 

Therefore,  there  are  two  inefficiencies  in  equilibrium.  First,  the  quantity  produced  is 
too  large  even  if  it  were  produced  efficiently.  Second,  an  efficiently  large-scale  pro¬ 
duction  technology  is  used. 

To  conclude  this  section,  this  theory's  explanation  for  why  military  planners  seem  to 
persistently  overestimate  future  output  levels  for  new  weapon  systems  will  be  ex¬ 
plicitly  drawn  out.  Suppose  that  a  military  planner  wants  to  induce  Congress  to  in¬ 
crease  the  output  of  his  program,  just  as  modelled  in  this  paper.  Suppose  that  the 
socially  optimal  quantity  is  50.  However,  the  planner  knows  that  if  he  can  build  a 
plant  designed  to  produce  100,  he  can  induce  Congress  to  purchase  75,  How  does 
the  planner  accomplish  his  goal?  The  solution  is  to  announce  a  projected  procure- 
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ment  of  100  and  to  instruct  all  technical  personnel  involved  to  design  a  plant  that  will 
efficiently  produce  the  projected  rate.  Once  the  plant  is  built,  Congress  is  induced  to 
purchase  75  just  as  the  military  planner  intended.  That  is,  if  projected  output  rates 
are  instructions  for  scale  decisions,  then  the  theory  of  this  paper  predicts  that  pro¬ 
jected  rates  will  always  exceed  actual  rates.  This  is  just  another  way  of  saying  that 
scale  is  too  large  in  equilibrium. 

4.  THE  EFFECT  OF  SCALE  ON  MARGINAL  COST 

This  section  will  discuss  the  role  played  by  Assumption  8,  that  increasing  scale  lowers 
marginal  cost,  in  generating  the  results  of  this  paper.  As  explained  in  Section  2,  the 
assumption  that  is  positive  is  essentially  definitional  and  thus  relatively  noncon- 
troversial.  However,  this  is  not  the  end  of  the  story.  It  will  be  shown  below  that  the 
existence  of  significant  production  inefficiencies  requires  that  scale  choice  have  a 
significant  effect  on  marginal  cost.  In  particular,  as  goes  to  zero,  the  theorems  of 
this  paper  remain  true,  but  the  size  of  the  production  inefficiency  goes  to  zero. 

This  point  can  be  illustrated  most  clearly  by  considering  the  case  where  Cg^  equals 
zero.  Assume  that  there  are  only  two  inputs,  labor  and  capital,  and  interpret  capital 
as  the  scale  choice.  Assume  that  capital  and  labor  must  be  used  in  fixed  proportions, 
i.e.,  there  is  no  substitutability  between  capital  and  labor.  Without  loss  of  generality, 
assume  that  one  unit  of  output  requires  one  dollar  of  labor  expenditure  and  one 
dollar  of  capital  expenditure.  Therefore,  the  cost  function  is  given  by 

C(s,  jr)  =  I  (22) 

[oo,  JC>  s. 

The  nature  of  equilibrium  for  this  case  is  illustrated  in  Figure  9.2.  The  line  with  a 
slope  of  1,  labelled  £i,  represents  the  short-run  marginal  cost  of  production 
assuming  that  sufficient  capitcd  is  available.  The  line  with  a  slope  of  2,  labelled  £2  > 
represents  the  long-run  marginal  cost,  i.e.,  the  cost  of  the  labor  and  capital.  The 
downward  sloping  line  is  the  marginal  benefit  of  output.  The  socially  optimal  output 
is,  of  course,  x*,  where  long-run  marginal  cost  equals  marginal  benefit.  Let  jc** 
denote  the  output  where  short-run  marginal  cost  equals  marginal  benefit.  The 
equilibrium  output  in  this  model  is  determined  as  follows.  If  the  total  benefit  is 
greater  than  the  total  cost  at  jc**,  then  the  military  will  select  jc**  units  of  capital  and 
Congress  will  choose  to  produce  jc**  units  of  output.  If  this  condition  is  not  satisfied, 
then  define  x  to  be  the  largest  output  such  that  total  benefit  equals  total  cost  in  the 
interval  (x*,  jc**).  The  military  will  select  x  units  of  capital  and  Congress  will  choose 
to  produce  jc  units  of  output. 

The  important  point  to  note  is  that  in  either  case,  there  is  no  excess  scale  in  equilib¬ 
rium.  Thus,  the  military  induces  Congress  to  purchase  more  output  than  the  first- 
best  level,  but  there  is  no  production  inefficiency.  The  explanation  for  this  is  very 
intuitive.  As  stated  in  the  Introduction,  production  inefficiency  is  an  unintended  by¬ 
product  of  the  military's  efforts  to  induce  greater  production.  Congress  can  usually 
respond  to  excessive  levels  of  scale  by  producing  less  and  using  some  of  the  excess 
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fixed  inputs  as  substitutes  for  the  variable  inputs.  However,  in  the  example  it  was  as¬ 
sumed  that  absolutely  no  substitution  was  possible.  This  is  why  there  is  no  produc¬ 
tive  inefficiency. 

Whether  scale  choice  has  a  significant  effect  on  the  marginal  cost  of  defense  produc¬ 
tion  is  an  empirical  question  beyond  the  scope  of  this  paper.  There  is  no  published 
work  that  sheds  much  light  on  this  issue.  A  number  of  studies,  such  as  Hildebrandt 
and  Sze  (1986),  estimate  cost  functions  for  products  but  these  analyses  do  not  sepa¬ 
rately  identify  inputs  and  instead  implicitly  assume  that  production  occurs  on  the 
long-run  cost  curve. 

If  one  could  observe  the  nature  of  production  in  defense  plants,  the  following  three 
qualitative  factors  would  be  relevant  to  determining  if  increased  scale  lowers 
marginal  cost.  The  first  factor  is  whether  production  in  defense  plants  designed  to 
produce  high  rates  of  output  is  organized  in  a  significantly  different  fashion  from 
production  in  defense  plants  designed  to  produce  low  rates  of  output.  For  example, 
it  may  be  that  plants  designed  for  high-rate  production  are  more  automated  and  in¬ 
volve  a  larger  number  of  more  specialized  job  tasks.  If  this  is  true,  it  seems  likely  that 
larger  plants  would  exhibit  lower  marginal  costs  when  production  rates  were  signifi¬ 
cantly  lower  than  those  planned  for.  This  is  because  increased  automation  and  spe¬ 
cialization  of  job  tasks  raises  fixed  costs  and  lowers  marginal  costs.  One  possible  ap¬ 
proach  to  gathering  evidence  on  this  factor  would  be  to  compare  the  production  of 
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missiles  and  aircraft,  since  missiles  generally  are  produced  at  much  higher  rates. 
Knowledgeable  industry  participants  state  that  missile  production  is  significantiy 
more  automated  than  aircraft  production.  However,  I  am  not  aware  of  any  empirical 
analysis  on  this  question. 

The  second  qualitative  factor  is  whether  plants  with  excess  capacity  appear  to  be 
using  all  of  their  machinery  and  capital  or  whether  a  portion  of  it  is  sitting  perfectly 
idle.  If  the  capital  in  plants  with  excess  capacity  is  being  used  as  part  of  the  produc¬ 
tion  process,  this  suggests  that  it  is  substituting  for  variable  inputs  and  thus  lowering 
the  marginal  cost  of  production.  However,  capital  that  is  perfectly  idle  may  not  be 
lowering  the  marginal  cost  of  production. 

Third,  even  capital  investments  that  appear  to  be  used  in  fixed  proportions  with  la¬ 
bor  may  lower  marginal  cost  because  of  reducing  the  need  for  multiple  shifts. 
Defense  plants  can  operate,  and  sometimes  are  operated,  using  two  or  even  three 
shifts  of  labor.  However,  the  marginal  cost  of  adding  a  second  and  particularly  a 
third  shift  can  be  much  higher  than  the  marginal  cost  of  the  first  shift.  This  is  be¬ 
cause  of  the  need  for  nonstandard  work  hours  and  because  maintenance  and  set-ups 
become  more  difficult  to  schedule.  Thus,  even  if  labor  and  capital  appear  to  be  used 
in  fixed  proportions  in  a  given  shift,  it  may  he  that  expanding  capacity  so  that  all  pro¬ 
duction  can  occur  in  one  shift  may  lower  marginal  cost. 

In  summary,  it  is  not  clear  a  priori  whether  scale  expansion  of  defense  plants  lowers 
marginal  costs  significantiy.  The  incentive  effects  of  this  paper  will  be  significant 
only  to  the  extent  that  this  is  true.  Although  it  seems  plausible  that  this  may  be  true, 
a  definitive  answer  awaits  empirical  analysis. 

5.  FIXED  BUDGETS 

Suppose  that  Congress  was  able  to  precommit  to  a  fixed  budget  level  for  a  program 
regardless  of  the  scale  chosen  by  the  military.  In  this  case,  the  military  would  choose 
the  second-best  program  given  the  budget  level.^  Therefore,  if  Congress  were  to  pre¬ 
commit  to  a  budget  exactly  sufficient  to  fund  the  first-best  weapons  program,  the 
military  would  choose  the  first-best  program. 

The  above  argument  makes  it  tempting  to  view  precommitment  to  fixed  program 
budgets  as  offering  a  complete  solution  to  the  problem  of  provision  of  excess  capac¬ 
ity.  There  are  a  number  of  problems  with  this  solution,  however.  First,  to  calculate 
the  first-best  budget.  Congress  must  in  general  know  the  entire  function  C{x,s).  In 
this  case.  Congress  would  not  need  to  delegate  decisionmaking  authority  to  the  mili¬ 
tary.  It  could  simply  instruct  the  military  to  choose  s*.  Second,  for  a  major  weapon 
system,  procurement  will  occur  over  a  ten-  or  even  twenty-year  period.  It  is  hard  to 


^Formally,  a  second-best  program  given  the  budget  level  Bis  a  solution  to  the  following  problem 


Maximize 

x,s 

Subject  to 


ax,s)<B. 
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believe  that  Congress  could  precommit  ten  years  in  advance  to  anything. 
Furthermore,  many  factors  in  the  environment  will  change  between  the  time  capac¬ 
ity  is  chosen  and  the  quantity  decisions  are  made.  This  means  that  Congress  would 
in  reality  have  to  precommit  to  a  budget  rule,  i.e.,  a  rule  describing  what  the  budget 
will  be  each  year  as  a  function  of  the  environmental  factors.  However,  describing  the 
set  of  all  contingencies  in  an  objectively  verifiable  fashion  and  the  budget  level  for 
each  one  would  probably  be  an  impossible  task.® 

Thus,  precommitment  to  fixed  budget  levels  clearly  does  not  provide  a  complete  so¬ 
lution.  Nonetheless,  this  point  is  still  interesting  for  a  number  of  reasons.  First,  it 
highlights  the  two  key  problems  that  any  proposed  solution  must  face — Congress's 
inability  to  precommit  and  Congress’s  lack  of  information  and  expertise,  especially  at 
the  planning  stage.  Second,  the  fact  that  choosing  a  fixed  budget  does  not  generate 
the  first-best  outcome  when  Congress  is  not  perfectly  informed  does  not  mean  it 
should  not  be  used  if  precommitment  was  possible.  After  all,  the  previous  sections 
show  that  the  alternative  of  waiting  for  the  military  to  precommit  to  a  capacity  choice 
does  not  yield  a  first-best  outcome  either.  This  is  an  interesting  question  for  future 
research.  Third,  it  suggests  that  the  incentive  problems  identified  in  this  paper  will 
be  most  severe  in  situations  where  exogenous  factors  have  not  fixed  the  available 
budget.  For  example,  it  may  be  that  central  planners  within  the  DoD  may  view  the 
total  defense  budget  as  relatively  fixed.  In  this  case,  expansion  of  the  scale  on  all 
programs  may  not  be  an  attractive  strategy  to  them.  However,  individual  services  or 
advocates  of  particular  programs  may  view  their  potential  share  of  the  budget  as 
highly  variable  and  respond  by  purposefully  increasing  scale.  Thus,  it  may  be  that 
excessive  scale  is  the  result  of  a  competition  between  services  and  programs  for 
greater  budget  shares,  rather  than  the  result  of  the  military  as  a  whole  attempting  to 
increase  defense  spending. 

6.  INCENTIVES  TO  CHOOSE  INFLEXIBLE  TECHNOLOGIES 

On  an  intuitive  level,  one  production  technology  can  be  thought  of  as  exhibiting 
more  rate  flexibility  than  another  one  if  production  is  relatively  efficient  over  a 
greater  range  of  output  rates.  The  purpose  of  this  section  is  to  argue  that  the  same 
type  of  model  as  in  the  previous  sections  can  be  used  to  show  that  the  military  may 
well  have  an  incentive  to  purposely  avoid  flexible  technologies.  The  reason  is  very 
simple.  The  idea  underlying  the  model  of  the  previous  sections  is  that  the  military 
can  force  Congress  to  procure  a  larger  number  of  units  by  precommitting  to  a  tech¬ 
nology  that  penalizes  Congress  for  procuring  low  quantities  and  rewards  it  for 
procuring  high  quantities.  Very  flexible  technologies  would  frustrate  this  ability. 

This  idea  can  be  very  clearly  illustrated  as  follows.  Assume  that  the  problem  is  well 
behaved  as  modelled  in  Section  2.  This  is  illustrated  in  Figure  9.3.  The  curve  V(jc)  de¬ 
notes  the  value  of  x  units  and  L(x)  is  the  long-run  cost  curve.  The  curve  B{x)  is  the 
cost  that  would  be  incurred  to  produce  x  units  if  the  military  chose  a  capacity  that 
induced  Congress  to  select  x.  Formally  B{x)  is  defined  by 


®See  Rogerson  (1990)  for  a  formal  model  of  this  idea. 
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Figure  9.3 — Incentives  to  Adopt  Tailor-Made  Inflexibilities 


186  Essays  in  the  Economics  of  Procurement 


B(x)=C(x,\|/“^(x)).  (23) 

The  first-best  output  is  x*,  where  marginal  cost  equals  marginal  benefit.  If  the 
military  chooses  the  first-best  capacity,  5*,  then  Congress  will  choose  the  first-best 
output,  X*.  Therefore 


B{x*)=L{x*).  (24) 

However,  to  induce  Congress  to  choose  higher  outputs,  the  military  must  choose 
higher  capacities.  Furthermore,  as  was  shown  in  Proposition  3,  the  resulting  weapon 
program  will  have  a  capacity  greater  than  the  second-best  capacity  given  the  output. 
Therefore,  B  is  above  L  to  the  right  of  x*.  A  similar  argument  shows  that  B  is  also 
above  L  to  the  left  of  x*.  Therefore,  B  is  tangent  to  L  at  x*  as  drawn. 

The  equilibrium  output  is  x.  This  is  the  highest  output  that  Congress  can  be  in¬ 
duced  to  select,  because  higher  outputs  would  result  in  costs  exceeding  benefits  and 
the  entire  program  would  be  cancelled.  Note  in  particular  that  it  would  be  possible 
to  produce  greater  outputs  and  have  total  costs  be  less  than  total  benefits.  In  Figure 
9.3  the  point  x**  is  the  largest  such  output.  However,  these  points  are  not  attainable 
because  the  equilibrium  weapons  program  involves  inefficient  production,  i.e.,  pro¬ 
duction  off  the  long-run  cost  curve.  Thus,  given  the  inefficient  production,  x  is  the 
greatest  attainable  output. 

Now  suppose  that  the  military  had  the  option  of  making  any  production  technology 
more  inflexible.  Formally  assume  that  the  military  can  choose  any  cost  function 
D  (x)  to  present  to  Congress  so  long  as  there  exists  an  ssuch  that 

D(x)>C(x,s)  (25) 

for  every  x.  That  is,  the  military  selects  a  scale  just  as  before  which  determines  the 
best  attainable  technology  C(x,s).  However,  it  can  now  alter  the  technology  to  make 
costs  of  particular  outputs  rise  if  it  wants  to. 

It  is  clear  that  the  following  choice  is  optimal  for  the  military.  Let  s**  denote  the  scale 
of  plant  that  is  second-best  given  x**.  Then,  the  military  will  choose  s**  and  make  the 
costs  of  selecting  any  x  <  x**  prohibitively  high.  Formally,  it  will  choose  D(x)  as  fol¬ 
lows 


D(x)  = 


f"' 

lC(x,s**), 


X  <  X** 
X  >  X  *  *. 


(26) 


Faced  with  this  cost  function.  Congress  will  choose  x**  units  of  output.  This  must  be 
optimal  for  the  military  because  it  can  never  induce  an  output  higher  than  x**. 

This  simple  example  illustrates  the  general  point  that  certain  types  of  rate  inflexibili¬ 
ties  can  be  of  value  to  the  military  to  the  extent  that  they  restrict  Congress’s  choices 
in  fashions  desired  by  the  military. 
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7.  FLEXIBLE  MANUFACTURING  TECHNOLOGY 

The  automation  revolution  in  manufacturing  often  referred  to  as  flexible  manufac¬ 
turing  technology  (FMT)  or  computer-aided  manufacturing  has  not  yet  arrived  in 
defense  production.  Rather,  what  will  be  referred  to  as  the  standard  manufacturing 
technology  (SMT)  is  still  used.  In  an  extremely  insightful  article,  two  RAND  re¬ 
searchers  sum  up  the  situation  as  follows: 

Today’s  defense  manufacturing  technology  is  still  characterized  hy  the  kind  of  inflex¬ 
ible  production  line,  pioneered  by  Henry  Ford,  that  reached  maturity  in  World  War  II. 

This  production  line  is  set  up  to  produce  a  single  design,  in  large  quantities,  over  long 
periods  of  time.  Although  production  lines  have  been  progressively  automated  since 
1960,  the  kind  of  automation  adopted  in  the  defense  sector  has  done  little  to  increase 
flexibility,  and  the  procurement  culture  seems  to  have  changed  very  litde.  Both  the 
government  buyer  and  the  contractor  seem  to  regard  the  specialized,  optimized  pro¬ 
duction  line,  designed  for  high  rates  of  output,  as  the  norm  (Dews  and  Birkler,  1983, 
p.  1). 

Dews  and  Birkler  go  on  to  describe  two  key  features  of  the  new  technology  in  more 
detail.  Both  properties  stem  from  the  fact  that  the  computerization  of  facilities 
allows  unused  capacity  to  be  easily  reprogrammed  to  produce  some  other  product 
rather  than  to  merely  sit  idle. 

(i)  It  is  much  more  efficient  than  the  SMT  for  low  production  rates.  In  particu¬ 
lar,  they  argue  that  production  rates  on  most  aerospace  programs  are  low  enough 
that  using  FMT  would  be  more  efficient. 

(ii)  Efficient  production  can  occur  over  a  relatively  broad  range  of  output  rates. 

In  terms  of  the  definitions  introduced  in  this  paper.  Dews  and  Birkler  claim  that  FMT 
is  a  lower-scale  technology  than  SMT  and  that  it  is  more  flexible. 

As  the  above  quote  indicates,  they  feel  that  no  one,  including  the  military,  seems  to 
be  in  much  of  a  hurry  to  employ  the  new  technology.  They  do  not  describe  any  rea¬ 
sons  for  this  apparent  reluctance  other  than  perhaps  institutional  inertia.  This  pa¬ 
per,  of  course,  supplies  a  theory  that  explains  precisely  why  the  military  might  be  re¬ 
luctant  to  adopt  such  a  technology.  According  to  this  paper’s  theory,  each  of  the 
characteristics  (i)  and  (ii)  supplies  a  possible  reason  for  this  reluctance.  First,  it  may 
be  the  case  that  plants  using  FMT  are  of  lower  scale  than  those  using  SMT.  That  is,  it 
may  be  efficient  to  use  plants  employing  FMT  for  lower  levels  of  production  and 
plants  using  SMT  for  higher  levels  of  production.  Section  3  suggests  that  the  military 
might  well  prefer  to  use  SMT  so  long  as  Congress  would  still  purchase  the  system, 
even  though  FMT  would  be  more  efficient.  Second,  it  may  be  the  case  that  FMT  is 
capable  of  producing  even  large  levels  of  output  as  efficiently  as  SMT.  However,  if 
FMT  exhibits  more  rate  flexibility  in  the  sense  that  it  would  permit  Congress  to  re¬ 
duce  the  quantity  purchased  without  significantly  raising  average  cost,  then  the 
analysis  of  Section  6  suggests  that  the  military  may  well  prefer  SMT. 

The  example  of  FMT  also  illustrates  another  important  point.  Namely,  it  is  not  the 
case  that  increases  in  scale  are  always  synonymous  with  increases  in  capital  inten- 
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sity.  It  could  easily  be  the  case  that  highly  capitalized  automated  production  facili¬ 
ties  can  operate  efficiently  at  lower  rates  of  output  than  can  less  highly  capitalized 
facilities  using  older  technology.  Thus,  the  prediction  of  Section  3  that  the  military 
will  choose  inefficiently  large  scales  of  production  is  not  necessarily  a  prediction  that 
it  will  choose  too  high  a  capital  intensity.  In  fact,  if  Dews  and  Birkler  are  correct, 
precisely  the  reverse  may  be  true. 


APPENDIX 

Suppose  that  Fix,y)  is  a  twice  continuously  differentiable,  strictly  globally  concave 
function.  Assume  that  a  unique  value  of  y  maximizes  F{x,y)  for  every  x.  Denote  it  by 
(|)(y).  Assume  that  a  unique  value  of  x  maximizes  F{x,y)  for  every  y.  Call  it  \|f(y). 
Finally  assume  that  a  unique  maximum  to  Flx,y)  occurs  at  (x*,y*).  Define  y  (y)  by 

y(y)  =  (|)(v(y))-  (a.i) 

The  technical  result  required  to  prove  Proposition  3.3(iii)  is  that 

y|y*<=>  y|y(y).  (A.2) 


To  prove  this,  note  that  y*  is  the  only  value  of  y  to  satisfy 

y=y(y) 

since  there  is  a  unique  maximum.  Therefore  it  is  sufficient  to  prove  that 

y'(y*)<i. 


By  total  differentiation 


y'(y*)= 


Fxyix*,y*f 

F^{x*,y*)Fyy{x*,y*y 


This  is  less  than  one  by  the  strict  concavity  of  F. 

QED. 


(A.3) 


(A.4) 


(A.5) 


BIBLIOGRAPHY 


Air  Force  Systems  Command,  The  Affordable  Acquisition  Approach,  Andrews  Air 
Force  Base,  Maryland,  1983. 

Alexander,  A.,  Weapons  Acquisition  in  the  Soviet  Union,  United  States,  and  France, 
RAND,  P-4989,  March  1973. 

Antle,  R.,  and  A.  Smith,  “An  Empirical  Investigation  into  the  Relative  Performance 
Evaluation  of  Corporate  Executives,”  Journal  of  Accounting  Research,  Vol.  24, 
Spring  1986,  pp.  1-39. 

Anton,  J.  J.,  and  D.  A.  Yao,  “Measuring  the  Effectiveness  of  Competition  in  Defense 
Procurement:  A  Survey  of  the  Empirical  Literature,”  Journal  of  Policy  Analysis  and 
Management,  1990. 

Averch,  H.,  and  L.  Johnson,  “Behavior  of  the  Firm  Under  Regulatory  Constraint,” 
American  Economic  Review,  Vol.  52, 1962,  pp.1052-1069. 

Bailey,  E.,  Economic  Theory  of  Regulatory  Constraint,  Lexington  Books,  D.  C.  Heath 
and  Co.,  Lexington,  Massachusetts,  1973. 

Baiman,  S.,  and  J.  H.  Evans,  “Pre-Decision  Information  and  Participative  Manage¬ 
ment  Control  Systems,”  Journal  of  Accounting  Research,  Vol.  21,  Autumn  1983,  pp. 
371-395. 

Baron,  D.  P.,  “Regulatory  Incentive  Mechanisms  and  Political  Action,”  Working  Pa¬ 
per,  Stanford  Business  School,  Stanford  University,  1988. 

Baron,  D.  P.,  and  D.  Besanko,  “Regulation,  Asymmetric  Information,  and  Auditing,” 
The  RAND  Journal  of  Economics,  Vol.  15, 1984,  pp.  447-470. 

Baron,  D.  P.,  and  D.  Besanko,  “Commitment  and  Fairness  in  a  Dynamic  Regulatory 
Relationship,”  Review  of  Economic  Studies,  Vol.  54, 1987a,  pp.  413-436. 

Baron,  D.,  and  D.  Besanko,  “Monitoring  Moral  Hazard,  Asymmetric  Information,  and 
Risk  Sharing  in  Procurement  Contracting,”  The  RAND  Journal  of  Economics,  Vol. 
18, 1987b,  pp.  509-532. 


189 


190  Essays  in  the  Economics  of  Procurement 


Baron,  D.,  and  D.  Besanko,  “Monitoring  of  Performance  in  Organizational  Contract¬ 
ing:  The  Case  of  Defense  Procurement,”  Scandinavian  Journal  of  Economics,  Vol. 
90, 1988,  pp.  329-356. 

Baron,  D.,  and  R.  Myerson,  “Regulating  a  Monopolist  with  Unknown  Costs,”  Econo- 
metrica,  Vol.  50, 1982,  pp.  911-930. 

Bower,  A.  G.,  “Procurement  Policy  and  Contracting  Efficiency,”  International  Eco¬ 
nomic  Review,  Vol.  34, 1993,  pp.  873-901. 

Bower,  A.  G.,  and  K.  Osband,  “Defense  Procurement  Policy  and  Contracting  Effi¬ 
ciency,”  mimeo,  Stanford  University,  Stanford,  California,  1990. 

Brown,  L.,  Palisades  Generating  Company/ Consumers  Power  Company,  prepared 
direct  testimony  before  the  Federal  Energy  Regulatory  Commission,  1990. 

Brown,  L.,  M.  Einhorn,  and  I.  Vogelsang,  Incentive  Regulation:  A  Research  Report,  Of¬ 
fice  of  Economic  Policy,  Federal  Agency  Regulatory  Commission,  Washington, 
D.C.,  1989. 

Bussing,  I.,  Public  Utility  Regulation  and  the  So-Called  Sliding  Scale,  Columbia  Uni¬ 
versity  Press,  New  York,  1936. 

Caillaud,  B.,  R.  Guesnerie,  P.  Rey,  and  J.  Tirole,  “Government  Intervention  in  Pro¬ 
duction  and  Incentives  Theory:  A  Review  of  Recent  Contributions,”  The  RAND 
Journal  of  Economics,  Vol.  19, 1988,  pp.  1-26. 

Center  for  Research  in  Security  Prices,  CRSP  Stock  Files  Users  Guide,  University  of 
Chicago,  Illinois,  1986. 

Chamberlin,  G.,  “Asset  Pricing  in  Multiperiod  Securities  Markets,”  Harvard  Institute 
of  Economic  Research,  Discussion  Paper  No.  1401, 1988. 

Che,  Y.-K.,  “Design  Competition,  Cost-Based  Regulation  and  Quality  Bias:  A  Theory 
of  Multi- Dimensional  Auction  and  Its  Applications,”  mimeo,  Stanford  University, 
Stanford,  California,  1989. 

Che,  Y.-K.,  “Design  Competition  Through  Multidimensional  Auctions,”  The  RAND 
Journal  of  Economics,  Vol.  24, 1993,  pp.  668-680. 

Cheney,  R.,  “Report  to  the  President,”  Defense  Management  Review,  Department  of 
Defense,  Washington,  D.C.,  1989. 

Comptroller  General  of  the  United  States,  Assessment  of  the  Study  of  Defense  Contrac¬ 
tor  Profitability,  GAD/NSIAD-87-50, 1986. 

Congressional  Budget  Office,  Effects  of  Weapons  Procurement  Stretch-Outs  on  Costs 
and  Schedules,  Washington,  D.C.,  1987. 

Demski,  J.,  D.  Sappington,  and  P.  Spiller,  “Managing  Supplier  Switching,”  The  RAND 
Journal  of  Economics,  1987,  pp.  77-97. 


Department  of  Defense,  Defense  Financial  and  Investment  Review,  1985. 


Bibliography  191 


Dews,  Edmund,  and  John  Birkler,  Reform  in  Defense  Acquisition  Policies:  A  Different 
View,  RAND,  P-6927,  November  1983. 

Dews,  E.,  G.  K.  Smith,  A.  A.  Barbour,  E.  D.  Harris,  and  M.  A.  Hesse,  Acquisition  Policy 
Effectiveness:  Department  of  Defense  Experience  in  the  1970s,  RAND,  R-2516-DRE, 
October  1979. 

Fama,  E.,  “Risk-Adjusted  Discount  Rates  and  Capital  Budgeting  Under  Uncertainty,” 
Journal  of  Financial  Economics,  Vol.  5, 1977,  pp.  3-24. 

Fox,  R.  J.,  Arming  America:  How  the  U.S.  Buys  Weapons,  Harvard  University  Press, 
Cambridge,  Massachusetts,  1974. 

Fox,  R.  J.,  The  Defense  Management  Challenge:  Weapons  Acquisition,  Harvard  Busi¬ 
ness  School  Press,  1988. 

Galbraith,  J.  K.,  “The  Big  Defense  Firms  Are  Really  Public  Firms  and  Should  Be  Na¬ 
tionalized,”  New  York  Times  Magazine,  November  16, 1969. 

Gansler,  J.  S.,  The  Defense  Industry,  MIT  Press,  Cambridge,  Massachusetts,  1980. 

Gansler,  J.  S.,  Affording  Defense,  MIT  Press,  Cambridge,  Massachusetts,  1989. 

Gates,  W.,  “Incentive  Contracting  and  Principal-Agent  Theory:  Theory  Is  Nice,  but 
Can  It  Be  Applied?”  mimeo.  Naval  Postgraduate  School,  Monterey,  California, 
1988. 

General  Accounting  Office,  “Incentive  Contracts:  Examination  of  Fixed-Price  Incen¬ 
tive  Contracts,”  briefing  report  to  U.S.  Senator  Carl  Levin,  Washington,  D.C.,  1987. 

Goldberg,  Victor,  “Regulation  and  Administered  Contracts,”  Bell  Journal  of  Eco¬ 
nomics,  Vol.  7,  Autumn  1976,  pp.  426-448. 

Gonik,  J.,  “Tie  Salesmen’s  Bonuses  to  Their  Forecasts,”  Harvard  Business  Review  LVI, 
May  1978,  pp.  116-123. 

Grossman,  S.,  and  O.  Hart,  “An  Analysis  of  the  Principal-Agent  Problem,”  Economet- 
rica,  Vol.  51, 1983,  pp.  7-45. 

Guesnerie,  R.,  and  J.-J.  Laffont,  “A  Complete  Solution  to  a  Class  of  Principal  Agent 
Problems,”  Journal  of  Public  Economics,  Vol.  25, 1984,  pp.  329-369. 

Hildebrandt,  G.,  and  M.  Sze,  Accounting  for  the  Cost  of  Tactical  Aircraft,  RAND, 
N-2420-PAE,  July  1986. 

Holmstrom,  B.,  “Moral  Hazard  and  Observability,”  Bell  Journal  of  Economics,  Vol.  10, 
1979,  pp  74-91. 

Huang,  C.,  and  R.  H.  Litzenberger,  Foundations  for  Financial  Economics,  North- 
Holland,  New  York,  1988. 

Johnson,  T.,  and  R.  Kaplan,  Relevance  Lost,  Harvard  Business  School  Press,  Cam¬ 
bridge,  Massachusetts,  1987. 


192  Essays  in  the  Economics  of  Procurement 


Kamien,  M.  L,  and  N.  L.  Schwartz,  Dynamic  Optimization,  Elsevier  Science  Publish¬ 
ing  Company,  Amsterdam,  1981. 

Kaplan,  R.  S.,  and  A.  Atkinson,  Advanced  Management  Accounting,  Prentice-Hall, 
Englewood  Cliffs,  New  Jersey,  1989. 

Kirby,  A.,  S.  Reichelstein,  P.  K.  Sen,  tmd  T.  Paik,  “Participation,  Slack  and  Budget 
Based  Performance  Evaluation,”  Journal  of  Accounting  Research,  Vol.  29,  Spring 
1991,  pp.  109-128. 

Laffont,  J.-J.,  and  J.  Tirole,  “Using  Cost  Observation  to  Regulate  Firms,”  Journal  of 
Political  Economy,  Vol.  94, 1986,  pp.  614-641. 

Laffont,  J.-J.,  and  J.  Tirole,  “Auctioning  Incentive  Contracts,”  Journal  of  Political 
Economy,  Vol.  95, 1987,  pp.  921-937. 

Laffont,  J.-J.,  and  J.  Tirole,  “Repeated  Auctions  of  Incentive  Contracts,  Investment, 
and  Bidding  Parity  with  an  Application  to  Takeovers,”  The  RAND  Journal  of  Eco¬ 
nomics,  Vol.  19, 1988a,  pp.  516-537. 

Laffont,  J.-J.,  and  J.  Tirole,  “Adverse  Selection  and  Renegotiation  in  Procurement,” 
Socicd  Science  Working  Paper  No.  665,  California  Institute  of  Technology,  1988b. 

Laffont,  J.-J.,  and  J.  Tirole,  “The  Dynamics  of  Incentive  Contracts,”  Econometrica,  Vol. 
56, 1988c,  pp.  1153-1175. 

Laffont,  J.-J.,  and  J.  Tirole,  “A  Theory  of  Incentives  in  Procurement  and  Regulation,” 
mimeo.  University  of  Toulouse,  Toulouse,  France,  1991. 

Lambert,  R.,  and  D.  Larcker,  “An  Analysis  of  Accounting  and  Market  Measures  in  Ex¬ 
ecutive  Contracts,”  Journal  of  Accounting  Research,  Vol.  25  (supplement),  1987, 
pp.  85-125. 

Lewis,  Tracy,  “Budget  Competition  in  Project  Funding,”  mimeo.  University  of  Cali¬ 
fornia  at  Davis,  1986. 

Lichtenberg,  F.  R.,  “The  Private  R&D  Investment  Response  to  Federal  Design  and 
Technical  Competitions,”  American  Economic  Review,  Vol.  78, 1988a,  pp.  550-559. 

Lichtenberg,  F.  R.,  “Government  Subsidies  to  Private  Military  R&D  Investment: 
DoD’s  IR&D  Policy,”  mimeo,  1988b. 

McAfee,  R.  P.,  and  J.  McMillan,  “Bidding  for  Contracts:  A  Principal- Agent  Analysis,” 
The  RAND  Journal  of  Economics,  Vol.  17, 1986,  pp.  326-328. 

McAfee,  R.  P.,  and  J.  McMillan,  “Competition  for  Agency  Contracts,”  The  RAND 
Journal  of  Economics,  Vol.  18,  Summer  1987,  pp.  296-307. 

McAfee,  R.  P.,  and  J.  McMillan,  Incentives  in  Government  Contracting,  University  of 
Western  Ontario  Press,  Ontario,  Canada,  1988. 

Melamud,  N.,  and  S.  Reichelstein,  “Value  of  Communication  in  Agencies,”  Journal  of 
Economic  Theory,  Vol.  47,  April  1989,  pp.  334-368. 


Bibliography  193 


Mirrlees,  J.,  “An  Exploration  in  the  Theory  of  Optimum  Income  Taxation,”  Review  of 
Economic  Studies,  Vol.  38, 1971,  pp.  15-208. 

Myerson,  R.  B.,  “Optimal  Auction  Design,”  Mathematics  of  Operations  Research,  Vol. 

6. 1981,  pp.  58-73. 

Nalebuff,  B.,  and  J.  Stiglitz,  “Information,  Competition,  and  Markets,”  American  Eco¬ 
nomic  Review,  Vol.  73, 1983,  pp.  278-283. 

Osband,  K.,  “Target  Profitability  Under  DoD  Profit  Policy,”  unpublished  RAND  re¬ 
search,  1988a. 

Osband,  K.,  “The  Role  of  Progress  Payments  in  DoD  Contracts,”  unpublished  RAND 
research,  1988b. 

Osband,  K.,  “Contract  Profitability  Under  DoD  Profit  Policy,”  unpublished  RAND  re¬ 
search,  1989a. 

Osband,  K.,  “Optimal  Forecasting  Incentives,”  Journal  of  Political  Economy,  Vol.  97, 
1989b,  pp.  1091-1112. 

Osband,  K.,  “Risk  and  Uncertainty  in  DoD  Profit  Policy,”  unpublished  RAND  re¬ 
search,  1990a. 

Osband,  K.,  “Quality  Distortion  Under  Cost-Based  Regulation,”  unpublished  RAND 
research,  1990b. 

Osband,  K.,  and  S.  Reichelstein,  “Information  Eliciting  Compensation  Schemes,” 
Journal  of  Public  Economics,  Vol.  27,  June  1985,  pp.  107-1 16. 

Peck,  M.,  and  F.  Scherer,  The  Weapons  Acquisition  Process:  Economic  Analysis,  Har¬ 
vard  Business  School,  Boston,  Massachusetts,  1962. 

Penno,  M.,  “Asymmetry  of  Pre-Decision  Information  and  Managerial  Accounting,” 
Journal  of  Accounting  Research,  Vol.  22,  Spring  1984,  pp.  240-255. 

Picard.  P.,  “On  the  Design  of  Incentive  Contracts  Under  Moral  Hazard  and  Adverse 
Selection,”  Journal  of  Public  Economics,  Vol.  33,  August  1987,  pp.  305-332. 

Riley,  J.  G.,  “Ex-Post  Information  in  Auctions,”  Review  of  Economic  Studies,  Vol.  55, 
1988,  pp.  409-430. 

Riley,  J.  G.,  and  W.  Samuelson,  “Optimal  Auctions,”  American  Economic  Review,  Vol. 

71. 1981,  pp.  381-391. 

Riordan,  M.  H.,  and  D.E.M.  Sappington,  “Designing  Procurement  Contracts,”  Work¬ 
ing  Paper,  1986. 

Riordan,  M.  H.,  and  D.E.M.  Sappington,  “Awarding  Monopoly  Franchises,”  American 
Economic  Review,  Vol.  77, 1987,  pp.  375-387. 

Riordan,  M.  H.,  and  D.E.M.  Sappington,  “Commitment  in  Procurement  Contracting,” 
Scandinavian  Journal  of  Economics,  Vol.  90, 1988,  pp.  357-372. 


194  Essays  in  the  Economics  of  Procurement 


Riordan,  M.  H.,  and  D.E.M.  Sappington,  “Second  Sourcing,”  The  RAND  Journal  of 
Economics,  Vol.  20, 1989,  pp.  41-58. 

Rogerson,  W.  P.,  “The  First-Order  Approach  to  Principal-Agent  Problems,”  Econo- 
metrica,  Vol.  53, 1985,  pp.  1357-1368. 

Rogerson,  W.  P.,  “On  the  Optimality  of  Menus  of  Linear  Contracts,”  Working  Paper, 
Northwestern  University,  Evanston,  Illinois,  1987. 

Rogerson,  W.  P.,  “Incentives,  the  Budgetary  Process,  and  Inefficiently  Low  Produc¬ 
tion  Rates  in  Defense  Procurement,”  Northwestern  Center  for  Mathematical 
Studies  in  Economics  for  Management  Science  Working  Paper  851, 1989. 

Rogerson,  W.  P.,  “Quality  vs.  Quantity  in  Military  Procurement,”  American  Economic 
Review,  Vol.  80, 1990,  pp.  83-92. 

Rogerson,  W.  P.,  “Incentives,  the  Budgetary  Process,  and  Inefficiently  Low  Produc¬ 
tion  Rates  in  Defense  Procurement”  Defence  Economics,  Vol.  3,  No.  1,  1991,  pp. 
1-18. 

Rogerson,  W.  P.,  An  Economic  Framework  for  Analyzing  DoD  Profit  Policy,  RAND, 
R-3860-PA&E,  1992a. 

Rogerson,  W.  P.,  Profit  Regulation  of  Defense  Contractors  and  Prizes  for  Innovation, 
RAND,  R-3635-PA&E,  1992b.  (A  shorter  version  also  appeared  in  the  Journal  of 
Political  Economy,  Vol.  97, 1989.) 

Rogerson,  W.  P.,  Overhead  Allocation  and  Incentives  for  Cost  Minimization  in  Defense 
Procurement,  RAND,  R-4013-PA&E,  1992c. 

Rogerson,  W.  P.,  “Overhead  Allocation  and  Incentives  for  Cost  Minimization  in  De¬ 
fense  Procurement,”  The  Accounting  Review, Vol.  67,  October  1992d,  pp.  671-690. 

Rosen,  S.,  “Contracts  and  the  Market  for  Executives,”  Working  Paper  No.  3542,  Na¬ 
tional  Bureau  of  Economic  Research,  Cambridge,  Massachusetts,  1990. 

Rudin,  W.,  Principles  of  Mathematical  Analysis,  2nd  edition,  McGraw-Hill,  New  York, 
1964. 

Sappington,  D.,  “Limited  Liability  Contracts  Between  Principal  and  Agent,”  Journal 
of  Economic  Theory,  Vol.  29, 1983,  pp.  1-21. 

Scharfstein,  D.,  “The  Disciplinary  Role  of  Takeovers,”  Review  of  Economic  Studies, 
Vol.  55, 1988,  pp.  185-199. 

Scherer,  F.  M.,  The  Weapons  Acquisition  Process:  Economic  Incentives,  Harvard  Busi¬ 
ness  School,  Boston,  Massachusetts,  1964. 

Schmidt,  R.,  Defense  Profit  Policy  and  Capital  Investment,  RAND  Graduate  School 
Dissertation,  1993. 


Secretary  of  Defense,  Annual  Report  to  Congress  FYl 988. 


Bibliography  195 


Smith,  G.  K.,  A.  A.  Barbour,  T.  L.  McNaughter,  M.  D.  Rich,  and  W.  L.  Stanley,  The  Use 
of  Prototypes  in  Weapon  System  Development,  RAND,  R-2345-AF,  March  1981. 

Spence,  A.  M.,  “Job  Market  Signaling,”  Quarterly  Journal  of  Economics,  Vol.  87, 1973, 
pp.  355-374. 

Stubbing,  R.  A.,  The  Defense  Game,  Harper  and  Row,  New  York,  1986. 

Takayama,  A.,  Mathematical  Economics,  Cambridge  University  Press,  Cambridge, 

1985. 

Tan,  G.,  “Incentive  Procurement  Contracts  with  Cosdy  R&D,"  California  Institute  of 
Technology,  Social  Science  Working  Paper  702, 1989. 

Tirole,  J.,  “Procurement  and  Renegotiation,"  Journal  of  Political  Economy,  Vol.  94, 

1986,  pp. 235-259. 

Tullock,  G.,  “The  Welfare  Costs  of  Tariffs,  Monopolies,  and  Theft,”  Western  Economic 
Journal,  Vol.  5, 1967,  pp.  224-232. 

Vogelsang,  I.,  “Regulatory  Incentives  Under  Lumpy  Capacity  Investment,”  mimeo, 
Boston  University,  Boston,  Massachusetts,  1989. 

Weitzman,  M.  L.,  “The  New  Soviet  Incentive  Model,”  Bell  Journal  of  Economics,  Vol. 
VII,  Spring  1976,  pp.  251-257. 

Wilson,  R.,  “Papers  on  Priority  Pricing,”  mimeo,  Stanford  University,  Stanford  Cali¬ 
fornia,  1988. 

Wolfson,  M.,  “Empirical  Evidence  of  Incentive  Problems  and  Their  Mitigation  in  Oil 
and  Gas  Tax  Shelter  Programs,”  Asymmetric  Information,  the  Agency  Problem 
and  Modern  Business,  Harvard  Business  Press,  Cambridge  Massachusetts, 
1985. 


